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The fact that a thin glass membrane was far more permeable to hydrogen ions 
than to those of other elements or groups was observed in Germany by several 
workers about 1909. It was developed as a method of measuring the concentration 
of hydrogen ions in small volumes of solutions by Kerridge (1925). Subsequently 
the method was much improved and simplified by the introduction of a special 
glass for the membrane and the substitution of valve amplification for the more 
tedious and delicate quadrant electrometer. 


It has now reached the stage where costly all-inclusive apparatus is readily 


purchased and the determinations relegated, after perusal of exhilarating cata- 
logues and booklets of instructions, to junior assistants, often with little or no 
training in physics. Whatever be the merits of such a course in large-scale indus- 
try, it will probably be admitted that the results in a research laboratory are 
frequently disappointing, considering the heavy outlay incurred. In biological 
research the volumes of solution available are frequently of the smallest, as com- 
pared with the hundred c.c. or so that are readily available in most industrial opera- 
tions. Thus the problems differ greatly at the very outset, and this paper is an 
attempt to offer some assistance to those workers in biological research laboratories 
who find the measurement of pH by the glass electrode, while admittedly desirable, 
beyond their powers. 

It became necessary some two years ago for the writer to determine the pH of 
solutions containing pigments from blood and other sources which rendered useless 
both the hydrogen electrode and the colorimetric methods. Financial considera- 
tions rendered the purchase of an elaborate equipment impossible and, though large 
volumes of the earlier solutions were permissible, as time went on it became neces- 
sary to work with ever smaller quantities of solutions containing costly pigments. 
A good potentiometer and a sensitive mirror galvanometer were already available, 
and it was imperative to make as much use as possible of existing equipment. 

The first valve used was the Phillips’ electrometer triode, and an apparatus 
was constructed using essentially the Harrison (1930) cireuit. Heavy duty torch 
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cells supplied the plate current and the negative grid potential. The appara 1s 
worked very well, the sole objection being the heavy current taken by the filam. it 
(0-8 amp.). On this account the present set includes an Osram electrometer va ve 
whose low filament current (0-1 amp.) renders it much better for use on long sei es 
of determinations. The torch cells have been entirely satisfactory, and the wri-.er 
can see no advantage in substituting accumulators for them as in, say, the Morion 
and Best (1933) apparatus. 

The apparatus falls into four distinct divisions, and each will be discussed in 
turn from the point of view of obtaining satisfactory results as economically as 
possible. It is doubtful whether any equipment for measuring the pH of small 
volumes of fluids will ever give results sufficient for research purposes in the hands 
of workers without a sound grasp of the principles involved. Certainly present 
commercial equipment should not be so relied upon. 

The essential portions of the equipment are: 

1. The glass electrode and its accessories ; 

2. The valve electrometer ; 

3. The potentiometer ; 

4. The standard buffer solutions. 


These will be discussed in more detail. 


1. The Glass Electrode. 


The writer has tried most of the forms of glass electrode described in the 
literature, bulbs of from 50 mm. to 5 mm. in diameter, the Kerridge (1925) elee- 
trode, the capillary of MacInnes and Longsworth (1937) and the MaeInnes and 
Dole (1929) thin flat membrane. He now uses almost exclusively the last-named. 
Bulbs, except the smallest, frequently require too much solution, and, as far as 
can be seen, a very small bulb has nothing to recommend it in comparison with the 
flat electrode, except perhaps in being slightly easier for a novice to make. The 
capillary though admirable is too tedious except for special occasions. It is not 
easy to define readily the thickness of thin glass membranes, and definitions involv- 
ing elaborate apparatus for their verification are of service only in a physical labo- 
ratory. In actual practice it is possible to recognize four thicknesses of glass 
membranes which may be defined as ‘‘thick’’, ‘‘medium’’, ‘‘thin’’ and ‘‘ very 
thin’’. A rough test which is frequently applied to large commercial electrodes is 
to press the empty bulb slightly with a round-ended glass rod. If it deforms visibly 
and recovers without ill effects the bulb is judged suitable. Such glass would 
come under the above category as ‘‘medium’’. A bulb of ‘‘thin”’ glass is too thin 
to retain a constant shape, but is distorted by a slight puff of wind. It does not, 
however, show interference colours. ‘* Very thin’’ glass is made by blowing a bulb 
rapidly to destruction and shows bright interference colours. Glass of this thin- 
ness is suitable for the smallest electrodes only. These small electrodes are frail 
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it during their somewhat short life give good results. A ‘‘thick’’ glass bulb will 
and on the bench full of water without breaking under the weight. ‘‘Thick’’ 
“ass bulbs of 2 em. diameter are quite satisfactory when used in conjunction with 

» apparatus described. ‘‘Flat’’ electrodes made of this gauge of glass tend to 
ffer from capacity effects, and have a slightly low ‘‘spread’’ but are otherwise 
« aite serviceable. Two types of ‘‘flat’’ electrode are in use in this Institute and 
f-equently fifty determinations have to be made in a day’s work. The larger is 
qade on the end of a soft glass tube 15-20 em. long, 9 mm. external and 6 mm. in- 
ternal diameter. The gauge of the membrane is ‘‘medium”’ or ‘‘thin’’. These 
eiectrodes are steady and reliable, and in a well chosen electrode vessel do not 
require more than 2-3 ¢.c. The smaller electrode is suitable for volumes down to 
0-2 ¢.e. or even less in a special apparatus. A piece of soft glass thick-walled tube 
about 30 em. long, 9 mm. external and 3 mm. internal diameter, is drawn out a 
little by heating a portion about 4 em. long. The bore is then about 1-2 mm. On 
to this narrower portion is welded a piece of ‘‘thin’’ or ‘‘very thin’’ glass mem- 
brane. Such membranes are more fragile than the larger type but nevertheless 
can be handled quite comfortably provided that they are not overloaded or jarred 
in a longitudinal direction. The secret of success in making the larger electrode 
appears to be to keep the membrane and tube sufficiently hot to make an efficient 
weld. For the smaller ones an additional requirement is that the tube must not be 
too hot initially or the thin membrane will be melted. 

Many very satisfactory flat electrodes of the larger type have been made here 
by laying the film of special glass on an iron tray kept hot by a burner beneath and 
pressing the heated tube gently on it. This method, while fairly certain, has the 
disadvantage of spreading the glass tube. For making both large and small elec- 
trodes the following method is, after a little practice, perhaps the best. 


“> 


va 


A glass tube (not a metal one) is chosen whose internal diameter is about 3-4 mm. greater than 
the external diameter of the tube to which the membrane is to be welded. It is gently warmed and 
the end coated with a very little hard Canada balsam. To this is attached a piece of the thin glass 
film and the whole allowed a few minutes in which to cool. The end of the tube to which the 
membrane is to be welded is heated to a dull red heat and pressed straight from the flame against 
the glass film. Immediately it touches the film it is pressed slowly forward into the tube to which 
the film was temporarily cemented. By the time it has advanced 20 mm. into the tube the weld 
should be complete and it may be withdrawn. Adherent flakes of glass film are brushed off when 
cool with the finger tip. An electrode that will not stand this treatment is too frail to be service- 
able. It is then examined with a pocket-lens. If no flaw can be detected it is filled to a depth of 
2-3 em. with weak sulphuric acid and supported in a test tube of water containing methy] red 
made just alkaline. If there is no evidence of leakage of acid during several hours the acid is 
removed and replaced with a saturated solution of silver sulphate. 


A silver wire forms the electrode, to which is soldered a light copper flexible 
lead of a few strands of wire of about 40 S.W.G. To the other end of the lead is 
soldered a small piece of copper foil for inserting in the spring clip connected to the 
grid terminal. Owing to the small area and the high resistance of the electrode, 
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compared with those of the large bulb of commerce the chances of error due t: 
electrical leakage are magnified. The same danger accompanies the use of the ele: 
trometer value in its most perfect setting, owing to the smallness of the curren 
employed. The three main paths of leakage in this portion of the equipment ar 
along the support for the electrode, down the outside of the tube supporting tl 
membrane and along the outside of the calomel electrode. It cannot be too strong] 
emphasized that in an Institute for any branch of biological (or chemical) researc: 
the surface of glass acts as far too good a conductor. Amber is costly, fragile, anc 
needs a lot more care in cleaning and general management than is recognized if ji 
is to be worth the outlay involved. The writer has found the advice of Mirsky an 
Anson (1929) to use quartz to be sound. He cemented the ends of 15 em. lengths 


CALOMEL HALF CELL 








( 


Fig. 1. Calomel half-cell and electrode chamber. 
of 8 mm. (external diameter) quartz tube into short lengths of ‘‘? in. iron pipe’’, 
with molten lead. The iron tube may then be firmly clamped in a boss, imparting a 
welcome rigidity to the apparatus. he electrode is clamped in a light screw clamp 
to the other end of the quartz. Provided that the quartz is carefully cleaned and 
dried at intervals the arrangement seems very good. 

The calomel half cell is of the saturated KCl type with a three-way tap and a 
reservoir of saturated KCl solution for washing out the liquid junction. The elec- 
trode vessel has a ‘‘skew-bore’’ three-way tap at its base to connect to the three-way 
tap of the calomel half-cell and to permit the vessel to be emptied. The lead to the 
calomel half-cell must be well insulated to minimize leakage along the glass surface. 
There should be sufficient space between the half-cell and the reservoir to obviate 
any risk of potassium chloride solution being accidentally spilt over the outside of 
the former. As the sketch shows these portions of the apparatus can be made by 
anyone with the slightest knowledge of glass-blowing, and there seems to be no 
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dvantage in using any of the more complex and costly types which are not readily 
eplaceable in an emergency and which are often fragile and difficult to keep clean. 
\gar bridges, ungreased ground-glass joint connections and other such devices for 
iaking electrical contact should be avoided as far as possible. For a special case 
hey may be of occasional service but in general use it is best to employ a straight- 
orward liquid-liquid junction, with the heavy saturated potassium chloride solu- 
ion below. It is for the purpose of securing a good liquid-liquid junction that the 
‘skew-bore’’ tap is especially serviceable. One of the weaknesses in Kerridge’s 
iriginal electrode is the fact that the junction between the saturated potassium 
chloride solution, and the solution whose pH is to be determined, has the heavier 
solution on top, thus setting up diffusion currents. No device for attempting to 
block these is really satisfactory for the purposes discussed in this paper. 


2. The Valve Electrometer. 


The writer has recently constructed a valve electrometer outfit based on the 
experience of the last two years. It employs essentially the Harrison (1930) cir- 
cuit ; dry batteries have been retained for the plate and grid circuits, an Osram elec- 
trometer valve is used and a Tinsley mirror galvanometer records changes in the 
plate current due to changes in the grid potential. The counter-potential device 
consists of three sets of ten contact studs with switch arms. Commercial slide wire 
resistances are not sufficiently reliable for good work. A variable galvanometer 
shunt is used instead of the more usual shunting switch. Its chief use is when 
starting up witha freshly-charged accumulator, but it has been then found most 
acceptabie. A special three-circuit switch transfers the galvanometer to the poten- 
tiometer for standardizing the latter. The moving contacts of the counter-potential 
device are of stainless steel and above the insulating board; all contacts below are 
soldered. 

The valve can consists of a brass tube flanged at each end. The bakelite ends are screwed 
closely to the flanges and the soft gasket washers between the ends and flanges soaked in a paste 
of red lead and gold size. The four terminals in the base are similarly cemented in and wires go 
from them to the four valve legs. The tubes to the drier and to the grid switch are carried through 
gauge-type joints with rubber washers. Bakelite insulation has been used throughout because 
though inferior in insulation to ebonite under ideal conditions it does not deteriorate so much 
when exposed to light and to the ordinary working conditions of a laboratory. 

The valve is thus housed in an air-tight can with a visible drying tube attached. 
For some obscure reason this precaution, insisted upon by the valve makers, is dis- 
regarded by some apparatus manufacturers with sad results in damp weather. The 
grid lead is carried by a quartz insulated joint shown in sketch. Provided that the 
external quartz surface is not handled and is carefully cleaned occasionally the 
insulation appears to be ample. The switch is mounted on the bakelite top of the 
valve chamber and the grid terminal (a metal spring clip) and one contact are on 
the end of the quartz tube. The grid switch contacts of stainless steel are so ar- 
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Fig. 2. Valve electrometer, elevation. 
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Fig. 3. Valve electrometer, plan. 
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Fig. 4. Quartz insulation for grid connection. 
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nged as to move only a very short distance apart. This avoids many of the dis- 
essing fluctuations and other ‘‘ capacity effects’’ frequently observed with high- 
sistance glass electrodes. An occasional scrape with a pen-knife removes the 
er-accumulating deposit of ammonium salts, due to animals and refrigerators. 
1e switch is operated by a long ‘‘antinous’’ camera release, insulated from it. The 
n is connected to the cathode. 

Apart from connecting the valve can to the cathode no screening is used. 
ereening to be effective requires to be rather elaborate and is apt to militate 
sainst speed and convenience of operation. Earthing the cathode owing to the 
proximity of deep X-ray and diathermy plants has not proved helpful. Experi- 
ments involving amounts of material so small as to need very high resistance elec- 


’ 


trodes and perfect screening require the personal attention of an experienced 
physicist. The equipment is, with a small electrode in position, so sensitive that 
the operator must sit still, must not touch any metal contact on the potentiometer 
or the counter-potential circuits, and electric leads from the mains to reading lamps 
must be kept well away. It will detect a change in the grid potential of 0-2 mv. 
which is of course more than enough for ordinary work, and is ready for use in 
iess than five minutes after switching on the heater current. Warm damp weather 
affects it very little. The stainless steel contacts in the counter-potential circuits 
carry the small current (0-07 m. amp.) well. The switch in the filament heater 
circuit is made of stout copper and held to the contact stud by a heavy spring. 
Owing to the relatively heavy current and the fact that all the three circuits around 
the valve are affected by any fluctuation the contacts and switch in the heater cir- 
cuit must be of very solid construction, far better in fact than those that are 
generally seen. 


3. The Potentiometer. 


The ideal potentiometer for glass electrode work does not seem to have been 
yet produced. Actually, provided that two standard buffers are used, it does not 
matter whether the intervals on the potentiometer read milli-volts or not. Since 
very few small glass electrodes function strictly as hydrogen electrodes, graduation 
of the potentiometer in pH units serves only to confuse. The chief essentials are 
that it should stand much hard work and should not be liable to corrosion. All 
theoretical niceties must vanish before these two considerations. Slide wires, 
whether straight or spiral, are sources of vexation or error according to the type 
of operator. All moving contact studs should be above the insulating plate in 
order that they may be easily cleaned. The moving switch arms must be stout 
and held down with heavy springs. A smaller instrument of the Wolff type with 
three dials only would be most attractive. The current consumption should be low, 
1-2 m. amp. at the most. The high current consumption of 0-1 amperes in the 
potentiometer circuit of the Morton and Best (1933) type of equipment with con- 
sequent continuous drift in the potentiometer values seems to weigh heavily against 











200 HENRY FRANCIS HOLDEN 





the fact that only one acumulator has to be connected up as compared with ty 
The potentiometer should possess a reversing switch, and a switch to shift t > 
galvanometer readily from the standardizing to the measuring position. Eve 
lead wire must be soldered to a flat end with a hole in it for going over its termi 
post. The accumulators must be of generous capacity and must be fitted with lar 





>] 


serew terminals soldered to the end posts. ‘‘ Battery clips’’, which one has f: 
quently seen employed, are useless. The press-key of the potentiometer requires : 
clamp for holding down, which should so be constructed that it does not tend io 
spray minute flakes of metal around. 

To sum up; the potentiometer needs to be mechanically robust as to its movir z 
parts and electrically so designed and constructed that both contacts and insuil:.- 
tion can be readily kept scrupulously clean. Owing to the minute grid curren: 
employed the combination of a doubtful contact and a slightly dirty insulator may 
produce startling results. 


4. The Standard Solutions. 

The glass electrode, more than any other type of hydrogen-ion apparatus, 
relies on the buffer solutions that are used to standardize it. A great variety have 
been described as is shown by an inspection of any text book on the subject. Un 
fortunately some of those with which much of the most important fundamental 
work has been done have disadvantages as far as their use in an ordinary biologica! 
laboratory is concerned. The two points to be aimed at are, firstly, that the sub- 
stances used should not be harmed by vigorous treatment during purification or 
drying, and secondly, their solutions should discourage the growth of micro-organ- 
isms. They should also be readily procurable at a moderate price. Citrie acid and 
di-sodium mono-hydrogen phosphate both fail in this rather exacting test. Citric 
acid crystallizes with water of crystallization, while the sodium phosphate,a slightly 
basie substance is prepared by ‘‘air-drying’’ the crystals of the dodeca-hydrate. 
Both encourage the growth of moulds. Potassium dihydrogen phosphate is an 
excellent salt owing to its crystallizing well, without crystal water. It can be dried 
at 100° C. without decomposition. Borie acid must not be heated, but can be readily 
dried at laboratory temperature im vacuo. A more recent addition to the list of 
standard buffer substances is phenyl-acetice acid. It has certain apparent advan- 
tages, for example it is antiseptic and crystallizes well. It was incorporated in a 
set of buffers covering a wide range by Prideaux and Ward (1924) and in another 
similar series by Britton and Robinson (1931). It has also been studied by Gorman 
and Vogel (1935). From a study of these papers it would appear that it is not 
very suitable for general work. The data of Gorman and Vogel (1935) do not 
agree with these of Prideaux and Ward (1924) in that portion of the curve where 
phenyl-acetie acid is the controlling substance in the latter workers’ buffer. The 
methods of purification adopted by the former workers are exceedingly elaborate 
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d suited only to expert physical chemists. Britton and Robinson’s (1931) buffer 
rather complex for a biological laboratory. A specimen of phenyl acetic acid 


imined in this laboratory, after re-crystallization from water, agreed very nearly, 
t not quite, with Gorman and Vogel’s (1935) value. When it was made up ina 
iffer solution to Prideaux and Ward ’s specification it gave values which were not 
agreement with theirs, though the other chemicals used in the preparation of the 
fer appeared excellent when used to make up other buffer solutions. The solution 
hose pH they record as ‘‘5-43”’ had an acidity of only pH 5-59 when prepared in 
this laboratory. Its calculated value according to Prideaux and Ward (1924) is 


pH 5-56. Taking all things into consideration it would appear that this series 
siould be used only as a secondary standard and the members should each be eali- 
brated against other standards. In the writer’s experience the most reliable and 
readily reproducible standard to which all others should be referred is the well- 
known ‘‘standard acetate’’ of Walpole, consisting of a solution of 0-1 N sodium 
acetate in 0-1 N acetic acid. Its preparation is rapid, and requires only compara- 
tively simple apparatus. Between it and the neutral point ‘‘Clark’s’’ series of 
phosphate buffers has proved very satisfactory. On the alkaline side Sorensen’s 
series of borate buffers covers the range as far as the glass electrode functions truly. 
In acid solutions Sorensen’s citric acid buffers have generally been used. Solutions 
of sodium citrate are unfortunately so rapidly affected by moulds that they must 
be made up freshly every few days. 

The various methods that are recommended for the preparation of CO. free 
sodium hydroxide are not of much assistance in the general work of a biological lab- 
oratory. If one of the varieties of pure sodium hydrexide that is made in the form 
of small spherules is used and the water be freshly distilled the results obtained are 
as good as can be obtained except by a specialist. The errors due to CO, in the 
sodium hydroxide are less than those due to the nature of the glass electrode. It is 
the practice in this laboratory to make a small amount of normal sodium hydroxide 
at a time and to standardize it against standard hydrochloric acid. Comparisons 
of buffers made with such sodium hydroxide that has been kept for a few weeks in a 
well-stoppered bottle show that any error seldom exceeds pH 0-02. 

The accuracy of the glass electrode when used on small volumes of solution is 
not in general of the highest order. Advertisements that a certain equipment is 
‘*aecurate to 0-02 unit of pH’’ generally mean on investigation that a given poten- 
tial ean be determined to 1 millivolt. In pH measurements with the glass electrode 
it is however a question of the difference of two potentials, which doubles the pos- 
sible error. Other sources of error such as the difficulty of temperature control, 
faults in the potentiometer, standard cell or standard buffers increase the possible 
error. A very careful worker may perhaps be able to rely on his results to within 
0-05 unit of pH, as compared with his fundamental standard. For the great majo- 
rity of workers however results within 0-1 pH unit under the conditions discussed 
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above are all that should be recorded. Results to 0-01 unit of pH ean be reli 
upon only when recorded by workers with special training and of adequate . 
perience in precise physical determinations who are also in possession of equi 
ment for the fine control of temperature which is essential. 

While it is not the intention of the writer to cast any doubt upon the value f 
such results coming from institutions which inelude first-class physical laboratori 
he does not wish to make any such claim for results obtained by him with the mu 
simpler equipment that is all that is within reach of most biological workers. 
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Fig. 5. Electrode and chamber for blood. 


Solutions containing COs, such as blood, present some difficulty in the matter 
of pH determination when only a small volume is available. Various types of 
apparatus have been proposed, for example, that of Seekles (1936) or MacInnes 
and Longsworth (1937) generally requiring several c.c. of fluid for a determina- 
tion. The following apparatus requires only 0-2 ¢.c. and is simple and cheap to 
construct. As the sketch shows the solution is sucked up into contact with the 
glass membrane and the vessel is stood in a cup of saturated potassium chloride 
solution that is connected to the calomel half-cell. The electrode is best made of 
‘very thin’’ glass, though this is not absolutely essential. The rubber stopper at 
the top is carefully dried and impregnated in vacuo at about 80° C. with gocd 
quality paraffin wax to increase its resistance. Such stoppers should be new, be 
bored before impregnation, and be stored in the dark. The glass vessel is made of 
pyrex glass but soft glass ones have answered quite well. Such a system may not 
in every case give the full theoretical ‘‘spread’’ of a hydrogen electrode but if 
previously calibrated it is sufficiently accurate for most purposes. Only a fairly 
elaborate equipment can improve on the results to be obtained with it. 
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In a test of one such electrode made of ‘‘thin’’ glass the difference of potential 
tween standard acetate buffer, pH 4-63 and Clark’s phosphate buffer pH 7-2 
vas 147 mv. at 20-5° C. giving a calculated value for the latter of pH 7-16. In 

.ctual practice of course one would not think of using a standard so far from the 
inknown solution, and hence the deviation would be proportionally less. Inciden- 
lly this type of apparatus reduces the need for the rather expensive quartz in- 

sulation to a single piece of tube about 10 em. long and 8 mm. external diameter 
which carries the grid lead through the valve can. 


CONCLUSION. 

Much of the matter in this paper has been gathered together from discussions 
with many workers on what has appeared to be a common problem : that of making 
glass electrodes work properly under conditions that are, through ve fault of the 
worker, frequently far from ideal. All the troubles to which reference has been 
made have been observed by the author with his own equipment or in consultations 
over that of friends. It is hoped that this paper may save the time and trouble of 
others in similar circumstances. The last line of the description in the paper by 
Kerridge (1925) already referred to is perhaps the most important technical con- 
tribution to the subject, ‘‘The need for great cleanliness cannot be too strongly 
emphasized.”’ 


SUMMARY. 


A description is given of equipment suitable for general use in a biological 
laboratory for hydrogen-ion determinations with the glass electrode when only 
small amounts of material are available. Methods of making small glass electrodes 
are described and the precautions essential to satisfactory work are outlined. An 
electrode chamber suitable for determinations on blood is described. 
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EXAMPLE OF RESULTS THAT CAN BE OBTAINED. 


A small glass electrode of ‘‘thin’’ glass about 1 mm. in diameter gave 1 
following readings using known buffer solutions: 


Temperature 22° C. As Standard—Walpole’s Acetate pH 4:63. 


Buffer. pH. pH by glass electrod: 
Citric acid 2-14 (by Quinhydrone electrode) 2-15 
Clark’s phosphate 6-2 6-22 
Clark’s phosphate 7-2 7-19 
Sorensen’s borate 8-29 8-23 
Sorensen’s borate 9-09 9-01 


Another Similar Electrode at 22° C. Using as Standard Sorensen’s Citrate Buffer 
4°16. 


Buffer. pH. pH by glass electrode. 
Sorensen’s citrate 1-925 1-95 
Sorensen’s phosphate 5-29 5-27 
Sorensen’s phosphate 3-64 6-63 
Sorensen’s phosphate -38 7-38 
Sorensen’s borate 8-91 8-83 

















MYXOMA AND THE SHOPE FIBROMA 


MYXOMA IN THE FIBROMA-IMMUNE RABBIT, WITH A SUMMARY 
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AND FIBROMA VIRUSES. 


by 
E. WESTON HURST 


(From the Institute of Medical and Veterinary Science, Adelaide, 
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(Submitted for publication 22nd April, 1938.) 


The following brief note completes the study of the histological response to 
myxoma and fibroma viruses begun in previous publications (Hurst 1937a, 1938). 


EXPERIMENTAL WORK. 


Twelve rabbits were infected intradermally with myxoma at 2 (two), 3, 4, 5, 
7,9, 11, 45, 60 (two) and 65 days after inoculation with fibroma virus, in most cases 
the OA strain. Excision of the lesions was practised at varying intervals and the 
animals killed at the 6th to 26th day, in most instances after the 12th day. Simi- 
larly treated animals not sacrificed almost always recovered, although the virus 
used was the same highly virulent strain described previously (Hurst, 1937a) and 
the symptoms were more severe than the average described by Shope (1936). 
Animals recovered from infection with the OA and the IA virus furnished identical 
lesions. 


Macroscopic Changes. 


During the first few days the lesions in the skin looked very like those in animals not immune 
to fibroma, but were sometimes perhaps more fibroma-like. Central necrosis often appeared at 
an earlier stage and became more marked than in animals not immune to fibroma. By the 7th 
day a frequent, but not invariable, appearance was of a plaque with deep purple centre sur- 
rounded by a pale pink ring, then by a thin haemorrhagic ring, and again by a pinkish oedematous 
zone. Vesiculation was often marked. Later, these areas became more sharply separated from their 
surroundings and withered in the centre to a dry crust with superficial sepsis beneath; they then 
proceeded to heal. 

In animals infected with myxoma after an interval of only 2 to 3 days of the fibroma infec- 
tion, actual injection into the fibromatous lesions led to their more rapid and diffuse extension as 
compared with control areas. After the third day no effect from direct inoculation into the 
tumour was noted. 





1 The inoculations mentioned in this paper were performed at the Lister Institute, London. 
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At autopsy local lymph glands were enlarged and congested, and remote glands often affec 
to a lesser extent. The spleen was from 3 to 10 times larger than normal, without the whitish fl 
seen ordinarily in myxoma. In 2 animals at the 22nd and 24th days respectively, the Malpigh 
bodies were separated by darker and more translucent zones from the reddish-pink pulp. In o: 
case the stomach showed numerous small ulcers in the centres of raised gelatinous white areas: 
in another a loop of small intestine was swollen and gelatinous and matted together with a numb 
of mesenteric glands. 


Microscopic Changes. 


In all these cases the histological picture was definitely modified from tha 
obtaining in rabbits not immune to fibroma; in addition to the characteristie myx: 
matous changes it exhibited many of the features of an allergic reaction. Th 
distribution of typical changes was also greatly restricted. 

As ordinarily, in the skin proliferation of epithelium was accompanied by the formatio 
of typical protoplasmic inclusions; myxoma cells were formed and at an early stage were fair]: 
characteristic in appearance; and vascular changes were at least as prominent as those described 
previously (Hurst, 1937a). Fibrinous exudate, however, tended to be less in amount, while ther: 
was present a massive cellular exudate almost wholly wanting in the animals not immune to 
fibroma. Centrally in the lesions, vast numbers of polymorphonuclear leucocytes appeared and 
underwent very rapid karyorrhexis, while at the edges of the lesions cells of the lymphocytic series 
and other mononuclear elements predominated. The next occurrence was very massive central 
necrosis involving the epithelium, dermis and muscle to an extent unknown at a corresponding 
stage (4th to 5th day) in the non-immune animal. Thrombosis and haemorrhage occurred. Later, 
in many places, a vascular granulation tissue enmeshing many lymphocytes and plasma cells 
walled off the dead area. 

In those parts of the lesions where massive necrosis did not occur, the myxoma cells became 
larger with continued survival of the animal and came to resemble more closely the cells of a 
fibroma. In addition, certain rather bizarre forms were of more or less common occurrence even 
as early as the 4th day, particularly in the loose areolar tissue beneath the superficial muscle. 
One variety took the form of large rounded or stellate protoplasmic sheets containing several or 
many irregularly distributed nuclei with prominent nucleoli and but little chromatin. Others 
appeared as large rounded cells with a single large nucleus and usually abundant chromatin; this 
type was often surrounded by a ring of small mononuclear cells causing it to resemble superficially 
the nerve cells of the spinal ganglia. In the muscle prior to necrosis, the sarcolemmal nuclei 
sometimes increased greatly in numbers and occured in groups of giant vesicular structures. Any 
of the foregoing might be surrounded by densely packed polymorphonuclears; alternatively 
polymorphs might occupy vacuoles in their protoplasm. 

The lesions gave a well-marked reaction with muci-carmine much more frequently than do 
those of myxoma in the non-immune rabbit; this reaction was particularly evident at the edges 
of the lesions. (All staining with muci-carmine was adequately controlled.) 

Local lymph glands also showed characteristic changes with similar differences from the 
non-immune animals. They were, however, involved much less extensively. On the other hand 
changes were often severe in the capsule and loose tissue around the gland, where vascular lesions 
were particularly prominent. More distant lymph glands, though macroscopically not infre- 
quently enlarged and congested, showed no specifically myxomatous change, though often the 
proportion of mature lymphocytes to other elements was greatly lowered and a mild eosinophilic 
infiltration was not infrequent. 

In no ease did the spleen show specifically myxomatous lesions. The sinuses of the pulp were 
lined by large cells active with the destruction of polymorphs. In two cases killed at the 22nd and 
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24:5, days respectively, the splenic pulp contained enormous numbers of mononuclears with 

eo: .ophilic granulations; these were smaller and less brightly coloured than those of the also 

nu .erous eosinophilic leucocytes, but larger and brighter than those of the polymorphonuclears. 

7 may have been eosinophilic myelocytes. Their distribution in the pulp was the counterpart 

ie appearance of dark rings around the Malpighian bodies, where only lymphocytes and other 

.onuclear cells were present. 

Other organs were seldon involved in this small series of animals. In two rabbits specific 

ns, with involvement of adjacent lymph glands, were present in the gastric mucous membrane 

| in the wall of the small intestine respectively. These sites were not affected in the previous 

ies of myxoma animals. The lungs of two rabbits showed an excess of polymorphonuclears in 

- capillaries, with proliferation and desquamation of the alveolar lining cells and infiltration of 

some alveoli with lymphocytes. One such rabbit showed thrombosis in a few small pulmonary 

ins. In the adrenals of several rabbits a few enormously enlarged cells situated in the deeper 
layers of the cortex were highly vacuolated. 


SUMMARY. 


While the disease produced in fibroma-immune animals is clinically and patho- 
logically recognizable as myxoma it differs from that in the non-immune animal in 
the following points: 

(a) The severity of changes which can be interpreted as allergic in nature. 

(b) The apparent resistance of areas removed from the point of inoculation, 
as evidenced by the lack of typical histological changes in such sites of election as 
the spleen, distant lymph glands, and so on. 

The latter observation can no doubt be correlated with the difficulty experi- 
enced by Shope (1936b) in demonstrating myxoma virus in the blood-stream of 
fibroma-immune rabbits, and with Ledingham’s view (1937) that the partial im- 
munity of these animals depends on the localizing action exerted by already cir- 
culating agglutinins against myxoma, produced as a response to the fibroma 
infection. 


PRESENT KNOWLEDGE OF THE RELATIONSHIP BETWEEN 
MYXOMA AND FIBROMA VIRUSES. 


At this stage it is convenient to summarize the essential facts regarding 
myxoma and fibroma brought to light in the present series of papers and by the 
work of others. They are as follows: 

1. Myxoma, apparently a disease of domestic rabbits, gives a characteristic 
histological picture (many writers; see Hurst, 1937a). Animals recovered from 
myxoma are refractory to fibroma, and their sera neutralize the fibroma virus 
(Shope, 1932b, 1936a; Martin, 1936). Myxoma-infected rabbits may develop ag- 
glutinins for the elementary bodies of both myxoma and fibroma (Ledingham, 
1937). 

2. Neuromyxoma (Hurst, 1937b) does not produce the histological picture of 
myxoma, though clinically the disease is not far removed from the typical. 
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3. The Shope fibroma (OA strain of Andrewes, 1936) produces a charac! 
istic histological picture (Shope, 1932a; Hurst, 1938). Animals recovered fr 4 
infection react in a modified manner to myxoma, suffering a non-fatal ill: 





(Shope, 1932b) or even failing to respond to infective doses near the mini | 
(Hurst, 1937¢c). Their sera may neutralize the myxoma virus (Berry and Lich 
1936). Fibroma-infected rabbits produce with fair regularity agglutinins { r 
myxoma, less regularly for the elementary bodies of fibroma itself (Rivers a: | 
Ward, 1937; Ledingham, 1937). 

4. The Shope fibroma (mutant IA strain of Andrewes, 1936) does not furnisa 
the histological picture characteristic of infections with the OA virus, vet there .s 
complete cross-immunity between the two viruses (Andrewes), and IA-recovere| 
rabbits are equally resistant to myxoma virus as are OA-recovered. 

5. Myxomatous infection in fibroma-recovered animals (OA or IA infection 
still produces characteristic cellular changes (Hurst, present paper), and it seems 
not impossible that the antigenic component missing from the fibroma virus may 
be responsible for these developments. 

6. Myxoma virus has not yet been converted into fibroma virus by serial pas- 
sage through the natural host of the latter (cottontail rabbit—Shope, 1936a), nor 
fibroma into myxoma by serial passage in the domestie rabbit (Hurst, 1938). 

7. Heat-inaectivated myxoma suspensions (Berry and Dedrick, 1936) and 
heat-inactivated elementary bodies of myxoma (Berry, 1937) inoculated into rab- 
bits together with living OA fibroma virus give rise to myxoma | but not in all rab- 
bits receiving identical material (Hurst, 1937¢c)]. The IA virus is equally effec- 
tive as the OA in this respect (Hurst, 1937c¢). 

8. Heat-inactivated neuromyxoma virus has not yet caused this transforma- 
tion of fibroma virus (Hurst, 1937e). 

9. Heat-inactivated myxoma virus has not vet converted neuromyxoma into 
myxoma (Hurst, 1937¢). 
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INTRODUCTION. 


The analysis of small quantities of gases has occupied the attention of a number 
of workers in both chemical and biological sciences, owing to its importance in many 
special problems. The methods used may be considered in two groups: those in 
which the analysis is carried out under varying pressure, measurements being made 
of pressure differences, and sometimes also of alterations in volume; and those in 
which volume differences are measured at constant pressure. 

Guye and Germann (1914, 1916), Hamburger and Koopman (1918) and 
Ryder (1918) have published methods of analysis using varying pressure. Lang- 
muir (1912) also deseribed briefly a method of this type but did not give any 
figures of his apparatus. All these methods have the disadvantage of requiring 
rather elaborate apparatus, and therefore it is not proposed to consider them here 
in detail. 

In the constant pressure methods, analysis is carried out by means of various 
reagents, and by the explosion of combustible gases. Since only volume changes 
are measured the apparatus used is usually quite simple. 

Krogh (1908) published a method of analysis for carbon dioxide and oxygen, 
using liquid reagents. This method has been used extensively in biological work, 
its most evident advantages being the simplicity of the apparatus and the rapidity 
with which analyses can be performed. Accurate analysis by Krogh’s method, 
however, is only possible when the bubble to be analysed is in gaseous equilibrium 
with the liquid filling the burette. When the gas is not in equilibrium, especially 
if the retaining fluid is water, error by absorption in the medium may be consider- 


able, particularly in the case of carbon dioxide. Various liquids for filling the 
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burette have been tested, but never with completely satisfactory results. TT] 

Schmit-Jensen (1920) has worked out a modified technique in which the burett: 

filled with a mixture of equal parts of glycerine and saturated sodium chlori 
solution. The systematic error in the carbon dioxide analyses, however, is still hi; 
and in addition the use of such a viscous fluid has greatly increased the diffieul 
of manipulation. Another source of error in the method described by Schm 
Jensen lies in the fact that after carbon dioxide absorption the length of the bubb 
is measured with one end still in contact with the potassium hydroxide solutio 
which means that the water vapour tension may be different from that obtaining 

the time of the first measurement. In Krogh’s technique the reagents are replac: 
by the original retaining fluid before each measurement is made. 

A technique using an apparatus similar to Krogh’s, filled with mereury, h. 
been worked out by Ott (1924). The gas is enclosed in mereury for the fir 
measurement. Then the mercury below the bubble is replaced by the absorbin 
solution, this in turn giving place to water. Subsequent measurements are thus 
made with one end of the bubble in contact with mercury and the other in contact 
with water, the factor necessary to correct for different pressures being determined 
by ealeulation. This method obviously eliminates the possibility of loss of carbon 
dioxide, but at the same time it introduces another source of error which may be 
equally serious. After the lower part of the apparatus has been filled with water, 
the bubble will be saturated with water vapour. Unless the water vapour tension 
of the original sample is known and a correction made accordingly, it is not possible 
to compare the first measurement over mercury with subsequent measurements 
over water. 

Christiansen (1925) has described a method which is essentially similar to 
Krogh’s, although the apparatus is rather different. The bubble is enclosed on one 
side by mercury, and on the other by water, the same conditions applying before 
each measurement. The method is thus liable to the same inaccuracies as apply to 
Krogh’s. Christiansen does mention that in the case of samples with a high carbon 
dioxide content the initial reading can be made with the bubble bounded by mereury 
on both sides, but such a procedure is, of course, open to the same objection as was 
brought against Ott’s method. 

The use of liquid reagents with mereury thus appears to be impracticable. 
Another disadvantage in any method of micro-analysis with liquid reagents lies in 
the possibility of the solubility in the reagents of inert gases being sufficent to cause 
error in the small quantities of gas involved. 

A constant pressure type of apparatus involving absorption by solid reagents 
was described by Reeve (1924). Reeve analysed only carbon dioxide by this means 
(using solid potassium hydroxide), but suggested that phosphorus could be used 
in the same way for oxygen. 

The dry method of analysis has been elaborated by Blacet and Leighton (1931) 
The apparatus of Blacet and Leighton consists of a capillary burette, the upper end 
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f which is designed for the intake of gas, being bent so as to dip below the surface 
f mercury in a vessel at one side. The gas sample is collected in a tube inverted 
ver the mercury, and drawn into the burette for measurement. The vessel con- 
iining mereury is mounted on a table which is movable in a vertical direction for 
he purpose of controlling the pressure in the measuring tube. Movement of the 
ubble is effected by means of a screw at the lower end of the burette. The bubble 
s expelled completely from the burette (into an inverted tube) for each absorption, 
vhich is earried out by means of a bead of the suitable reagent mounted on the end 
of a platinum wire. The reagents employed are phosphorus pentoxide for water, 
potassium hydroxide for carbon dioxide, and phosphorus for oxygen. (Similar 
methods have been described in later papers for the analysis of various other gases, 
but these do not concern this investigation. ) 

The technique described in this paper is essentially the same as that used by 
Blacet and Leighton, but with some additions. The apparatus, however, is differ- 
ent, being of simpler construction, and making possible the carrying out of an 
analysis with much less manipulation of the bubble. 


DESCRIPTION OF APPARATUS. 


Figure 1 is a diagram of the apparatus, drawn to scale. The micro-burette (A) is capillary 
tubing of diameter 0-8 mm. The lower end is expanded into a bulb in which the absorptions are 
earried out. It is essential that the shoulders of this absorption chamber be perfectly smooth, 
otherwise a fraction of the gas bubble may be caught as it is being drawn up into the burette. 
The expansion of the capillary tubing into the bulb should be fairly gradual for the same reason, 
and also so that the bubble may be of a suitable shape to permit the introduction of a bead. The 
burette is surrounded by a water jacket, provided with a thermometer and a tube (B) through 
which a stream of air may be passed for the purpose of stirring the water in the jacket. To the 
burette is attached a side arm (C), expanded at the end and provided with an iron nut and screw 
(D), the nut being cemented into the open end of the tubing. It was found desirable in practice 
to extend this side arm down parallel to the measuring tube so that the screw was on the same level 
as the top of the mercury in the reservoir (E), otherwise it was extremely difficult to prevent the 
leak of air past the thread when the whole apparatus was filled with mercury. 

The side arm is provided with a tap (F). A second tap (G) is attached to the top of the 
measuring arm. 

The water jacket is attached to a wooden carrier (H) which can be moved up and down 
between two wooden runners (1), which are in turn attached to the stand (J). The carrier (H) 
has a side piece (K) which supports the side arm (C). H is provided with a threaded bolt 
(Figure 2, P) which projects backwards through a vertical slit in the stand (J). The apparatus 
ean be fixed in any desired position by means of the wing nut (Q) (Fig. 2). 

The holders for the beads of reagents are made of glass rod bent to the required shape, with a 
length of platinum wire on the end. The glass holder (L) is held in position by a tubular clamp 
(M), made by fixing the two halves of a longitudinally divided piece of brass tubing to the jaws 
of an ordinary clamp. The holder is guided by the arrangement (N) which consists of two 
parallel pieces of wood the required distance apart, fixed at the top and open below. With M and N 
acting as guides the holder can be moved upwards evenly and accurately so as to bring the bead 
into the centre of the bubble. 
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A small stand (QO), on the right of the mereury reservoir, is provided with three pairs of 
ys in which the holders can be fixed when not in use. 
The graduated portion of the tube is about 25 cm. in length. Graduations are conveniently 
I vided by fixing a length of thermometer tubing behind the burette. The tube was calibrated 
measuring the length of a bead of mercury at different points. 





p-~ 




















in 
Pig 2. 
PROCEDURE. 

The apparatus has been used for carbon dioxide and oxygen analyses only, 
but there is no reason why it should not give good results with combustible gases, 
explosion being performed through a holder carrying two insulated platinum wires, 
as described by Blacet and Leighton. 

The reservoir E is filled with mercury, and the carrier H fixed in position so that its lower 
edge is opposite a mark on the stand, the absorption chamber being in such a position that its end 
is dipping below the surface of the mereury. The burette remains in this position during the 
analysis. Before filling the burette, the mercury in C is pushed up by means of the screw D until 
the meniscus is at the opening into the tube A (as shown in Fig. 1). Tap F is now turned off to 
prevent leakage past the screw during filling of the apparatus. The absorption chamber and 
measuring tube are filled with mereury by suction at the upper end. 

The sample to be analysed is introduced into the bulb and sucked up by the screw (tap F on), 
and the first measurement is taken. While the bubble is being brought to the zero mark the stand 
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is tapped in order to insure free movement of the meniscus. Movement was usually suffici: 
free so that only one reading was necessary, but sometimes when the mercury had become dii 
number of readings had to be made and an average taken. The scale is read by means of a 
Temperature and barometric pressure are noted. 

In the absence of a barometer, changes in atmospheric pressure were recor: d 
by reading the length of a bubble of dry air in a control tube of similar construct. n 
to the analysing tube. The zero of the control tube being the same distance ab: -e 
the mereury level in the reservoir as is the zero of the micro-burette, changes -1 
pressure produced proportional changes in the lengths of the two bubbles. 

The bubble is then returned to the absorption chamber and a holder carrying the first Lb: .d 
is placed in position in the clamp M. This is then carefully pushed upwards until the bead eni +s 
the bubble. The holders are accurately constructed so that the platinum wire of each one can |e 
brought precisely into the centre of the bubble without altering the position of the stand to whi h 
M is attached. There is thus no possibility of the bead touching the sides of the chamber bef 
entering the bubble. 

Absorption being complete, the holder is released from the clamp and fixed to the stand O yy 
means of one of the pairs of clips, the bead thus being kept under mercury from the time of its 
formation. A holder carrying a second bead then takes its place in M. 

The phosphorus pentoxide, phosphorus, and potassium hydroxide beads are made in the 
manner described by Blacet and Leighton. 

The author has never succeeded in carrying out absorptions with the phos- 
phorus pentoxide bead in the time mentioned by Blacet and Leighton. An hour 
to an hour and a half was usually required before the bubble came to a constant 
volume. Fifteen minutes was ample for the potassium hydroxide bead. Absorp- 
tion with the phosphorus bead could often be performed in half an hour, but the 
efficiency of this bead varies enormously with temperature. Analyses were first 
carried out in winter with a room temperature of about 15° C. Under these con- 
ditions absorption was extremely slow. In order to speed up the process the ap- 
paratus was warmed up to a temperature of about 30° C. by means of an electric 
adiator, with satisfactory results. In summer with a room temperature of about 
25° C. or more, no difficulty was encountered. 

The yellow phosphorus used for the phosphorus bead being stored under 
water, and the formation of this bead being often a somewhat hasty process owing 
to the likelihood of spontaneous combustion occurring, there is a possibility of 
water being introduced with this bead. This effect has been noticed particularly 
in bubbles poor in oxygen, where the introduction of the phosphorus bead may be 
followed by an increase instead of a decrease in volume, owing to the increased 
water vapour tension. In bubbles rich in oxygen the oxide produced from the phos- 
phorus may be sufficient to absorb any water introduced. In order to counteract 
this source of error the phosphorus bead is dried as efficiently as possible before 
being introduced, and after oxygen absorption is complete the phosphorus pent- 
oxide bead is re-introduced to dry the gas. 

Another very important detail of procedure, not mentioned by Blacet and 
Leighton, is the observance of the correct sequence in introducing the beads. When 
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xygen and carbon dioxide absorptions are to be performed on the one bubble, the 
yhosphorus bead must be introduced before the potassium hydroxide. 
The reason for this lies in the fact that the potassium hydroxide bead is sur- 
‘ounded by a film of moisture which is necessary for the efficient absorption of 
arbon dioxide. A certain amount of this moisture may be left on the surface of 
he mereury in contact with the bubble. When the potassium hydroxide bead is 
isesd before the phosphorus bead, this residual potassium hydroxide is liable to 
come into contact with the phosphorus on the introduction of the latter. Reaction 
between the two reagents results in the production of phosphine, with a consequent 
increase in volume. This source of error is most likely to arise in very small bubbles, 
where the relatively large size of the bead and the small area of mereury exposed 
to the bubble greatly increase the chances of contamination. Potassium hydroxide 
frequently may be used before phosphorus in large bubbles with safety, but all 
possibility of error arising is prevented by doing the oxygen absorption first, since 
the dry phosphorus bead leaves no residue in the bubble. 
It has been found advisable to make fresh beads for each analysis. 
Table 1 shows in detail the complete course of a typical analysis. 





TABLE 1. 
£ ” ¢ 43) 
rs “ 5 “ws BS BE BSE , 
8 op] = ak S .. 5 > es % = 
= S2 @ =< Pi 2&5 eee 2 a 
= z tes & tos as Be ih = o 
o = rR = sO Es 5 & ha rs & 
be — vs 2 ve es | ~se = 
a) e — 2 sl i BO or Sas ~ — 
3-10 89-0 28-2 236-3 28-3 236-3 89-0 
P.O; 3-35 87-9 28-5 236-7 28-6 236-4 87-8 
3-55 87-3 28-5 236-7 28-6 236-4 7-2 
4-15 87-2 28-5 236-6 28-6 236-3 87-1 
4-30 87-1 28-5 236-8 28-7 236-4 87-0 
4-45 87-1 28-5 236-8 28-7 236-4 87-0 +0-5 87-5 
P 5-10 87-1 28-7 236-8 28-7 236-4 86-9 
5-30 87-1 28-7 236-7 28-7 236-4 86-9 0-5 
P.O; 5-50 86-8 28-7 236-7 28-6 236-4 86-6 
6-05 86-7 28-7 236-6 28-5 236-4 86-5 
6-25 86-7 28-6 236-5 28-3 236-4 86-5 +0-5 87-0 
KOH 6-45 77-9 28-5 236-3 28-1 236-4 77- 8.7 
7-05 78-0 28-4 236-2 28-0 236-4 77-9 +0-4 78-3 


CO, = 9-9%, Oy = 0-6%, Ny (by difference) = 89-5%. 


CLEANING. 


It is essential to clean the apparatus after each analysis. Nitric acid is found 
to be the most satisfactory cleaning agent. Before the operation the mereury in 
the side arm is withdrawn into the vertical part and the tap F then closed. The 
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carrier with burette attached is then removed from the stand and clamped in : 
inverted position. Cleaning fluids can then be run into the absorption chamb 
and through the burette. The mercury is also cleaned for each analysis. Ti 
apparatus being filled by suction from above, the bubble when introduced is ; 
contact with perfectly clean mereury, since the mercury in the side arm nev: 
reaches the burette. 


ACCURACY. 


The capacity of a tube of the dimensions described is about 115 e.mm. T! 
lower limit of size of a sample to be analysed is determined by its capability « 
accommodating a bead. Bubbles of 7-15 ¢.mm. have been analysed successfull) 
but of course in bubbles of this size accuracy is greatly decreased. 

In the following table (Table 2) are the results of a number of air analyse 
performed on bubbles of different sizes. These were done in three different ap 
paratuses, in which the seale divisions were of different sizes (mm. in No. 3 but 
smaller in 1 and 2). 


TABLE 2. 


Length of Volume of 


bubble. bubble. No% 
Apparatus. Divisions. ¢.mm. CO2%. Ov%. (By difference). 
oe 300 110 — 21-0 ale 
“1 230 85 21-0 Baa 
*] 300 110 —_ 21-0 _— 
1 290 105 = 21-1 : 
l 65 25 0-0 20-9 79-1 
] 150 55 0-1 20-7 79.2 
] 210 80 0-0 21-0 79-0 
1 290 105 — 20-9 ‘aie 
2 200 55 0-0 20-8 79-2 
2 210 60 oe 21-1 pee 
3 120 55 0-0 20-7 79-3 
3 F 230 100 — 21-1 was 
: oe 180 80 iat 21-0 ool 
3 150 65 0-1 21-0 78-9 
3 210 95 0-0 21-0 79-0 


Mean 20-95 + 9-13 (S.D.). 


* No barometer correction. 


The variation in the results corresponds roughly to an accidental error of 0-2 
mm. Krogh obtained in his apparatus an accuracy corresponding to an error in 
reading of 0-1 mm. for oxygen, but not for carbon dioxide analyses. Increased 
error in this method is due entirely to the tendency of the dry mereury to stick in 
the tube. The effect is probably exaggerated in air analyses which are relatively 
rich in oxygen, since sticking of the meniscus becomes much more pronounced after 
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oxygen absorption, due to the contamination of the mercury surface with phos- 
puorus pentoxide. The more rapid the action of the phosphorus bead the more 
pronounced the effect, since in a slowly-acting bead the oxide forms on the surface 
o! the phosphorus. 

Schmit-Jensen has used a correction for the curvature of the meniscus worked 
out on the assumption that the radius of curvature is equal to the radius of the 
tube. In the case of mercury in a tube of 0-8 mm. diameter the radius of curvature 
of the meniscus is much greater, the error thus being reduced. It was found by 
inspection that the top of the mercury meniscus was 0-1 mm. above the position at 
which the mereury made contact with the walls of the capillary. Assuming that 
the meniscus is spherical, it was determined from these data that the correction to 
be added to the observed length amounted to just under 0-1 mm. This correction 
applies to the total length and not to the difference, in which there may be an acci- 
dental error of + 0-2 mm., but being a systematic error should be included. How- 
ever, it affects the final result only with extremely small bubbles. 

Check analyses for both carbon dioxide and oxygen were performed by the 
method of burning alcohol in a closed space and analysing the resultant gas. The 
results obtained are given in the following table. 


TABLE 3. 
Length of 
bubble. CO. Theoretical 
Apparatus. Divisions. COs%. Oo%. No%. Ov deficit. result. 
1 210 4-6 14-7 80-7 0-69 0-67 
1 200 5-4 13-1 81-5 0-64 0-67 
3 210 4-5 14-7 80-8 0-67 0-67 


These figures indicate that the same order of accuracy is to be expected for 
carbon dioxide as was obtained for oxygen in the air analyses. 


CONCLUSION. 


The main advantage of the method described above over that of Blacet and 
Leighton is the fact that the bubble is not removed from the apparatus during the 
course of the analysis. In the method of Blacet and Leighton the most difficult 
process and the one involving a likely source of error is the sucking back of the 
bubble after it has been expelled from the burette. Further, in eliminating this 
process, the number of times the bubble is brought into contact with extraneous 
objects is reduced. This is seen to be of advantage when one remembers that any 
object immersed under mercury is surrounded by a film of air and so is likely to 
produce contamination when brought into contact with the bubble. 

The use of a screw, rather than a clamp working on a piece of rubber tubing, 
to produce movement of the bubble, permits much finer adjustment of the mercury 
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meniscus. This improvement has been introduced in a later paper by Blacet, Mi 
Donald, and Leighton (1933), but the fact that the screw in this case is attac’. | 
directly to the measuring tube means that it has to be taken down when clean » 
the apparatus. 

A very useful feature of the apparatus described is the fact that it can 
cleaned rapidly after each analysis, since frequent cleaning was found to be 1 
most important factor in reducing accidental errors. 

An objection to this method is the relatively long time required for the ope 


vb 


c 


tion. The example shown in Table 1 required four hours, but the readings co: 

have been separated by mueh shorter intervals at places, so that three hours 

probably about the normal time for a complete analysis. But the nature of t 

technique is such that several apparatuses can be used simultaneously. The auth r 
1 : 


has successfully used three apparatuses at the one time, thus performing three 
analyses in little more than the time required for one. 
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“ISSUE CULTURE OF THE RICKETTSIA OF Q. FEVER 


by 





F. M. BURNET! 


(From The Walter and Eliza Hall Institute, Melbourne). 
(Submitted for publication 22nd June, 1938.) 


The micro-organism responsible for Q. fever (Derrick, 1937) has been de- 
scribed in previous papers (Burnet and Freeman, 1937, 1938) as a rickettsia on 
the basis of its small size and bacilliform shape, its intracellular localization and its 
failure to grow on bacteriological media. It differs from known rickettsiae in pro- 
dueing no agglutinins to B. proteus, X.19 or X.K., and as yet no arthropod vector 
has been found. Both Wilson (1938) and Brumpt (personal communication) have 
expressed some doubt as to whether in the circumstances it is yet justifiable to class 
the organism as a rickettsia. 

All the rickettsiae responsible for human disease which have been so far 
studied multiply readily in Maitland type tissue cultures, but show distinct differ- 
ences in their behaviour from typical viruses. Zinsser and Schoenbach (1937) 
have recently studied the conditions under which typhus rickettsiae multiply best 
in tissue culture. They find that proliferation commences only after the metabolism 
of the tissues has fallen to a low, relatively stable level after about four days’ incu- 
bation. Thereafter proliferation of rickettsiae continues for a week or more. This 
is in sharp contrast to the behaviour of a typical virus, equine encephalomyelitis, 
which multiplies only as long as the cells are actively metabolizing and presumably 
alive. 

Attempts to cultivate the Q. fever organism in tissue cultures of chick embryo 
were made as part of a general programme of investigation. It was hoped in par- 
ticular to obtain evidence whether the organism should be regarded as a virus 
resembling psittacosis or a rickettsia. No serious difficulties were encountered in 
the investigation, and the results to be reported speak strongly for the second alter- 
native, that the organism is a true rickettsia. 


Technique. 
Rivers’ formula for Tyrode solution was used, with the exception that the amount of KCl was 
increased from 0-2 gm. to 0-6 gm. per litre. This was the only one of several modifications tried 





1 Work carried out under grants for research on virus diseases from the Rockefeller Founda- 
tion and from the National Health and Medical Research Council. 
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which gave somewhat better results than the standard solution. The formula used was therefo 


NaCl 8-0 gm. 
KCl 0-6 gm. 
MgCl. 0-1 gm. 
CaCl, 0-2 gm. 
NaH»PO, 0-05 gm. 
NaHCO; 1-0 gm. 
Glucose 1-0 gm. 


in 1 litre of glass-distilled water. Tissues were obtained from twelve-day chick embryos, + 
routine passages being carried out on the pooled viscera minced finely with scissors. Small 50 
Erlenmeyer flasks were used with 5 ¢.c. of Tyrode solution and about 0-1 gm. of minced tissue. 
The flasks were inoculated with two drops (about 0-1 ¢.c.) of material from a previous cultur., 
plugged with cotton-wool and capped with tinfoil and incubated at 34-35°C. At intervals, smeai 
were made from the migrated cells which had become attached to the bottom of the flask ani 
stained with Castaneda’s method. Subcultures were made as a rule at fortnightly intervals, 
flask showing good growth of rickettsiae being shaken vigorously to dislodge most of the materia! 
on the bottom and the slightly turbid supernatant fluid being used as inoculum for further cultures. 


Passage Series in Pooled Visceral Tissues. 

Two series of cultures were carried concurrently in tissue culture for four and 
a haif months (twelve passages). At all stages, rickettsiae were easily visible in 
smears of thirteen or fourteen-day cultures, but there appeared to be a distinet 
increase in the numbers of rickettsiae after six passages. In the eighth and ninth 
passages several flasks showed enormous numbers in every field, but the subse- 
quent ones were not so prolific. Material was inoculated into mice after six and 
eleven passages and gave the typical syndrome of experimental Q. fever, enlarged 
liver and spleen with numerous rickettsiae in smears from both organs made one 
week after inoculation. 

One of the objects of the work was to look for an alternative method of ob- 
taining sufficient numbers of rickettsiae to prepare agglutinating emulsions. The 
method previously described (Burnet and Freeman, 1938) is satisfactory, provided 
the inoculated mice develop heavy infections. 

Sometimes, however, the number of rickettsiae appearing is disappointingly 
small, and an alternative method would be welcome. Tissue culture unfortunately 
has not been satisfactory for the purpose. Even in heavily infected flasks the 
actual bulk of migrated tissue cells in which nearly all the growth has occurred is 
far smaller than a mouse spleen or liver, and it was found impossible to prepare 
agglutinating emulsion from culture material. It is possible that the technique of 
tissue culture on agar recently described by Zinsser, Wei and FitzPatrick (1938) 
might be more satisfactory. 


Development of Rickettsiae in Relation to Cells. 


The first appearance of rickettsiae in smears from the cellular material at- 
tached to the bottom of the flasks was about the fourth day, when small collections 
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vere occasionally seen in the cytoplasm of some cells. Six- and seven-day smears 
howed the best development of cytoplasmic multiplication. In a majority of 
smears taken at this period, a certain number of well preserved cells could be found 
with rickettsiae in the cytoplasm. Usually the rickettsiae were diffusely distri- 
puted, not uniformly, but in little groups, often appearing to be surrounded by an 
ill-defined vacuole. On two occasions relatively large numbers of cells were found 
which contained large oval vacuoles packed with rickettsiae, and appearing almost 




















Figures 1 and 2. Cells from five-day tissue culture of Q. fever rickettsiae showing each 
two well defined micro-colonies. Drawn from smears stained by Castaneda’s method.  X 1,500. 
Pigures 3 and 4. Cells from six-day tissue culture showing the usual type of distribution 
in the cytoplasm with irregular vacuolation. Figure 3 shows a small vacuole involving the 


nucleus and containing two rickettsiae. Drawn from smears stained by Castaneda’s method. 
x 1,500. 
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exactly like the characteristic infected reticulo-endothelial cells of mouse liver a: 
spleen. (See Figs. 1 and 2.) It has not been possible to establish the conditi: 
necessary for the appearance of this type of intracytoplasmic micro-colony and i > 
great majority of six-day smears show only a few infected cells, some contain: » 
groups of rickettsiae, but no well defined micro-colonies. By the thirteenth |» 
fourteenth day, most of the cells in the smears are disintegrating, and there s 
much debris. Rickettsiae are far more numerous; any oil-immersion field ec 
taining a fair amount of cell debris will now show fifty or more rickettsiae. A f 
smears showed thousands in such a field. As far as ean be judged, most of t. 2 
rickettsiae are in the cytoplasm of any remaining intact cells and in disorganiz: j 
cell debris. 

In view of the importance attached by Pinkerton (1936) to the site of grow 
within the cell, careful search was made in the five- and six-day smears for evidence 
of intranuclear multiplication. In one or two instances, a cytoplasmic vacuole 
containing rickettsiae appeared to extend into the actual substance of the nucleus. 
but nothing resembling the appearances pictured by Pinkerton and Haas (1932 
for the rickettsiae of Rocky Mountain Spotted Fever was observed. The rickettsiae 
developing in tissue culture are generally similar in size and shape to those observed 
in smears from spleen or liver of an infected mouse. In smears made early in the 
course of incubation longer forms may be seen, 2—3y in length and rather stouter 
than the usual rodlets. These larger forms show a faint purplish tint when stained 
by Gram’s method; the more numerous smaller forms are completely Gram- 
negative. 


Relative Freedom of Growth in Various Tissues of the Chick Embryo. 


In the mouse the rickettsiae appear to be almost confined to cells of the reticulo- 
endothelial system in the liver and spleen, and attempts were made to determine 
what organs of the chick embryo were most suitable for growth. The following 
organs or mixtures of organs were used : (1) pooled viscera, including heart, lungs, 
liver, alimentary canal, spleen and probably in most cases, kidney; as a rule the 
gall bladder was excluded, (2) brain, (3) skeletal tissues in the form of minced 
hind limb, (4) alimentary canal—gizzard and intestine, (5) liver without gall 
bladder, (6) heart with the bases of the larger blood vessels. Table 1 shows the 
comparative results obtained, the degree of multiplication being indicated by the 
number of + signs. 

There is a striking superiority of the pooled viscera over any other groups of 
tissues tested. It is of interest that while liver alone has never given any indication 
of multiplication and alimentary canal only poor growth at best, the two together 
give the same good result as pooled viscera. 

No significant differences were observed when viscera from ten, eleven, 
twelve and thirteen-day chicks were compared. In view of Zinsser and Schoen- 
bach’s hint that typhus rickettsiae could multiply in dead tissue, a series of flasks 
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\ ore set up with tissues which had been subjected to repeated freezing and thawing. 
‘| xere was no migration of cells or adhesion to the glass, and all failed to show any 
© -owth whatever of rickettsiae. 


TABLE 1. 


i:clative Suitability of Different Tissues of Twelve-day Chick Embryos for the 
Multiplication of Q. Fever Rickettsiae. 


6 
Z 
0 . 
z 4 Skeletal Alimentary Liver and 
Fy Pooled Viscera.  ~—sCT'issues. Heart. Canal. Liver. Alimentary Canal. 
L ++ ++ —— 
9, + ++ —— = 
8. +++ ++ ++ + ++ 
8 +44 + +4+44+ 4¢+4+ 4¢4++4++4+ + + a 
9 ++++ +4+4+4+ +++ +4 + + ++ 
10. ++ +++ oo 
11. + + ++ 2 + _-_ — +++ +++ +4 
++ Hundreds of rickettsiae to each field. 
+++ Rickettsiae numerous, 10—100 in each field. 
++ Rickettsiae in small numbers in most fields. 
+ Rickettsiae readily found, but only one or two in most fields. 
+ Only an occasional organism seen. 


No rickettsiae seen. 


DISCUSSION. 


In essentials the micro-organism of Q. fever behaves in tissue culture in similar 
fashion to the typhus rickettsia, multiplying primarily in the cell cytoplasm and 
showing most of its proliferation after the fourth or fifth day. As Zinsser has 
stressed, this behaviour is sharply differentiated from that of typical viruses, nearly 
all of which produce a maximal titre of virus in 48-72 hours. With death of the 
cells, growth ceases and the virus titre falls. Despite its similarity in staining 
qualities to the rickettsiae, psittacosis virus falls into line with typical viruses in 
this respect (Bland and Canti, 1935; Levinthal, 1935). The ability of rickettsiae 
to grow in severely damaged tissue, as shown by their continued multiplication in 
the second week of tissue culture, appears to indicate an important physiological 
difference from viruses, and might well be included in the definition of the genus 
Rickettsia. 

Until the full life history of the Q. fever parasite is worked out, it is perhaps 
premature to discuss its systematic position, but there seems now to be no adequate 
reason to refuse to regard it as a true rickettsia. It takes the form of Gram-negative 
rods, staining well by Castaneda’s method, which in the infected animal are found 
only in intracytoplasmic accumulations and are not capable of growth on standard 
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bacteriological media. There is already strong circumstantial evidence (unr 
lished) that the micro-organism of Q. fever is derived from an animal reser ir 
(small marsupials) and transmitted by some arthropod. We have obtained thro -h 
Dr. Derrick 30 sera from bandicoots captured in Southern Queensland: fou of 
these have agglutinated rickettsial emulsions to a serum dilution of 1: 10 or hig? -r, 
Several laboratory infections have occurred in the course of the work here, = 1d 


























the circumstances of these render it likely that a mite, identified by Mr. Womer: ey 
(of the South Australian Museum) as Lyponissus bacoti, Hirst., has been resy n- 
sible for transmitting the infection from experimental mice to human bei: -s. 
These facts, taken in conjunction with its characteristies of growth in tissue eult: <e, 
should be sufficient to class the organism as a rickettsia. 


SUMMARY. 


1. The rickettsia of Q. fever has been grown for twelve generations in Mait- 
land tissue cultures of chick embryo viscera. 

2. Growth of the organisms occurs principally during the second week of 
incubation. 

3. Satisfactory growth was obtained only with pooled viscera: skeletal or 
nervous tissues and single viscera gave little or no multiplication. 

4. It is suggested that the delayed growth in tissue culture is an important 
distinguishing feature between rickettsiae and viruses, and should be ineluded in 
the definition of the group Rickettsia. 
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EXPERIMENTS ON THE PROBLEM OF “FREE” AND 
“BOUND” HISTAMINE AND ACETYLCHOLINE 


by 
E. R. TRETHEWIE! 
(Submitted for publication 23rd June, 1938.) 


In experiments carried out on the histamine content of different organs it was 
observed that the histamine yield of a saline extract increased on heating. Cor- 
teggiani and her co-workers (1936a) have made a similar observation for acetyl- 
choline. They found that the acetylcholine yield of an eserinized saline extract of 
ground tissue increased on heating and on standing. This they attribute to the 
presence of a ‘‘complex’’ from which acetylcholine was freed, and distinguished 
between ‘‘bound’’ and ‘‘free’’ acetylcholine. They, however, did not exclude the 
possibility that the additional acetylcholine might have been brought into solution 
from insufficiently fragmented cellular particles, suspended in the fluid. If this 
were so their observations would point not to ‘‘bound’’ and ‘‘free’’ but to ‘‘intra-’’ 
and ‘‘extra-cellular’’ acetylcholine. By examining the effect of heating on saline 
extracts from which all solid particles have been removed by thorough centrifu- 
gation, this possibility can be investigated. This has been done in the experiments 
to be presented in this paper, both for histamine and for acetylcholine. 


METHODS. 


Histamine. The tissue used for these experiments was the dog’s liver. The dogs, weighing 
7—11 kg., were given a preliminary injection of 70-110 mg. morphine and the abdomen was opened 
under chloroform anaesthesia. The liver was perfused with warm Tyrode solution through the 
portal vein and then removed. Perfusion was continued until the outflowing fluid from the hepatic 
veins was no longer blood stained (usually 4-1 hour was required). Pieces of liver weighing from 
2 to 6 gm. were cut into small pieces with scissors and ground up with a small amount of quartz 
powder and a little Tyrode solution. When the tissue had been ground up for some time, the 
supernatant fluid was pipetted off and replaced by fresh Tyrode solution. This procedure was 
repeated several times and the volume of extract eventually made up, so that 10 or 20 ¢.c. corres- 
ponded to 1 gm. of liver. Representative samples were obtained by thoroughly shaking up the 
suspension before portions were removed for the various tests. The extracts were assayed against 
histamine dihydrochloride (Hoffman la Roche) on a piece of the isolated guinea-pig’s jejunum 








1 The work was carried out under a grant from the National Health and Medical Research 
Council. 
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suspended in a 5 ¢.c. bath of Tyrode solution. The histamine values are expressed, not as | 
but as dihydrochloride. Feldberg and Kellaway (1937a, b) have recently shown that  e 
immediate histamine-like contraction of the guinea-pig’s gut following the addition of 1 
extract to the bath can be wholly accounted for by histamine. Their identification rested upc a 
quantitative assay by three different pharmacological tests, and upon the fact that histan -¢ 
has been isolated from dog’s liver and identified chemically. 

Acetylcholine, The tissue used for these experiments was the guinea-pig’s brain, exclu: e 
of the cerebellum. The animals were stunned by a light blow on the head and killed by oper ¢ 
the thorax and cutting into the heart. After weighing the brain (2}-3 gm.) it was ground 
with powdered quartz in eserinized saline (2 ¢.c. of 1: 20,000 eserine per 3 gm. of tissue). 
method of extraction was that described for the dog’s liver. In some experiments the saline y 5 
made slightly acid to litmus by HCl—the results were the same whether neutral or acidified sali..e 
were used. The extracts were assayed against acetylcholine chloride (Hoffmann-la Roche) eit! 


on the anterior part of the eserinized leech muscle (Minz, 1932; Feldberg and Krayer, 1933) or 
the rectus abdominis of the frog (Chang and Gaddum, 1932). The acetylcholine values are 
pressed, not as base, but as chloride. 


EXPERIMENTAL. 


Histamine. Unheated Tyrode extracts of dog’s liver elicit not only a quick immediat 
contraction due to histamine, but also a slow after-contraction. This could sometimes be produce: 
by adding extract in an equivalent of 1 to 2 mg. of liver to the bath. The effect was greatly 
reduced on heating the fluid. Similar observations have been made by Feldberg and Kellaway 
(1938a). 


TABLE 1. 


Histamine Equivalent of Dogs’ Liver in y per gm. of Non-Centrifuged (A) and 
Centrifuged Tyrode Extracts (B). 


A. B. 
Dog No. Supernatant Fluid. Sediment. 
Unheated. Heated. Unheated. Heated. Heated. 
1 15 60 —_ pia ae 
2 14 40 — = — 
3 12 40 = —- - 
4 67 150 83 67 — 
5 10 60 10 13 
6 16 89 18 17 - 
7 4 21 3-5 — 20 
8 14 64 11 —- 53 






Heating the extracts increases their histamine yield two to six times (see Table 1). In all 
experiments except Experiment 6, the extracts were brought to the boiling point and then immedi 
ately cooled; in Experiment 6 the extract was heated to 63°C. for ten minutes. The additional 
histamine found in the extracts after heating does not originate from a complex of histamine in 
solution, but is derived from cells and cell debris. Microscopic examination of the unboiled 
extracts revealed the presence of conglomerates of a few cells, individual cells and cellular debris. 
When these were removed by centrifugation (3,000 revolutions per minute for 30 minutes in an 
angle centrifuge), heating the supernatant fluid no longer increased the histamine yield, but heat- 
ing the sediment brought large amounts of histamine into solution. In the experiments 4, 5 and 6 




















“BOUND” AND “FREE” HISTAMINE AND ACETYLCHOLINE 27 
e effect of heating is shown on the histamine yield of the supernatant fluid (columns 4 and 5). In 
i. o of these experiments there was a slight decrease, and the increase in Experiment 5 is 30 p.c. 
« mpared with 500 p.c. obtained prior to centrifugation. The increase of 30 p.c. probably results 
m incomplete spinning down of the cellular particles. Centrifugation for shorter periods at a 
wer rate did not completely prevent the increase in the histamine yield on heating. In Experi- 
nt 6, part of the extract was centrifuged for 10 minutes at 2,000 revolutions per minute. Boiling 
» supernatant fluid increased the histamine value from 18 to 27 and microscopical examination of 
sample of the unboiled fluid revealed the presence of cellular debris. Recentrifugation for 30 
;inutes yielded a further sediment from which histamine could be brought into solution on 
ating. The histamine value of the boiled and unboiled supernatant fluid was now 17 and 18 
respectively. In the experiments 7 and 8 the sediment was taken up in Tyrode solution and boiled. 
Sediment corresponding to 1 gm. of tissue brought 20 and 53y respectively of histamine into 
lution (column 6). Heating the non-centrifuged extract had increased the histamine yield per 
gram tissue by 17 and 507 respectively (difference between column 2 and 3). The effect of heating 
is therefore wholly accounted for by bringing the histamine of the cellular particules into solution. 

A similar effect can be obtained on whole pieces of liver. A piece of approximately 3 gm. 
was boiled in Tyrode solution without being ground up; histamine in an amount corresponding to 
Sy per gm. liver appeared in the fluid and an additional 60y per gm. could be extracted readily 
by grinding. Renewed boiling of this extract did not yield a further increase. A separate 
specimen from the same liver which was ground first and then boiled yielded 907 histamine per 
gram. 

The results obtained by centrifugation led us to examine the effect of more thorough grinding. 
We found that grinding small pieces of 0-5 to 1 gm. of liver for increasing periods (from 
3 minutes to one hour) increased the histamine yield of the unboiled extracts until the yield 
reached the value obtained for boiled samples. We have also tried to ascertain whether freezing 
and thawing would bring the histamine of the cellular particles of unboiled extracts into solution 
and increase the histamine yield. Such was the case, but the effect was not pronounced and a 
further increase could be obtained by subsequent boiling. In one experiment the histamine 
equivalent of an extract increased from 4 to 7y by twice freezing and thawing and to 24y by 
subsequent boiling. When an unboiled saline extract is kept at room temperature or in the cold for 
several hours the histamine yield increases, This probably results from the fact that part of the 
‘*cellular histamine’’ is brought into solution during the period of standing since it does not occur 
in the supernatant fluid of a centrifuged extract. In this condition the histamine content of the 
supernatant fluid actually diminishes slightly on standing, probably as the result of enzymic 
destruction. 

Boiling an extract of ground liver appears to bring the total available histamine into solution, 
since the value obtained by digesting the tissue with concentrated HCl (Best and McHenry, 1929) 
is of the same order. In the one experiment we carried out, the HCl extraction yielded per gram 
liver 44y of histamine compared with 41 and 53y obtained from different pieces of the same 
liver boiled after grinding. 

Acetylcholine. Eserinized Tyrode extracts of guinea-pig’s brain contract the 
frog rectus and the leech muscle. The effect is probably wholly, or at least mainly, 
caused by acetylcholine, since the active principle was unstable to alkali and was 
destroyed when the hydrolysis of acetylcholine had not been prevented by the 
addition of eserine to the extract. Furthermore, acetylcholine has been isolated 
and identified chemically from ox brain by Stedman and Stedman (1937). 

We ean confirm the findings of Corteggiani and co-workers that heating in- 
creases the acetylcholine yield of the extracts. The increase, however, does not 
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result from liberation of bound acetylcholine in solution, an assumption implie< 
the statement made by Corteggiani and co-workers, but from liberation of ace. *- 
choline from solid particles, which can be removed by centrifugation. 
































TABLE 2. 


Acetylcholine Equivalent of Gwinea-pig’s Brain in y per gram, of Non-Centrifu: d 
(A) and Centrifuged Eserinized Tyrode Extracts (B). 





Weight of A. B. 

No. of Pig Supernatant Fluid. Sediment. 
Pig. in gms. Unheated. Heated. Unheated. Heated. Heated. 
1 380 - 1-2 1-2 2-2 
2 325 1 3°8 8 “6 — 
3 550 1-5 6-5 1-7 5 “= 
4 560 2-2 3-8 2-4 2-1 — 
5 345 3-2* 5-0 1-9 1-9 — 
6 670 3-5* 4-5 2-6 2-5 _— 
7 550 2-0 4-2 1-8 1-6 1-8 
8 546 1-2 5-6 1-5 1-4 3-9 


* Assayed after three hours standing at room temperature. 


Our results are tabulated in Table 2; the columns under A give the acetylcholine equivalent 
of heated and unheated non-centrifugated extracts from seven experiments. In experiments 2 
and 3 the samples were heated by boiling, while in the remainder the samples were heated by being 
placed in a water bath at 70°C. for ten minutes, The increase on heating varied widely, it was 
more than four-fold in experiments 3 and 8, nearly four-fold in experiment 2 and about two-fold 
in experiments 4 and 7. The smallest increases (30 and 60 p.c.) were obtained in the experiments 
5 and 6. In these the acetylcholine yield of the unheated extracts were abnormally high probably 
because they were kept for about three hours at room temperature before testing. We shall see 
that such a treatment increases the acetylcholine yield. The columns under B give the acetylcholine 
equivalent of extracts centrifuged at 3,000 revolutions per minute for 20 to 30 minutes. The 
figures in the first two columns are for the supernatant fluid. The values obtained for the un 
heated supernatant fluid and for the unheated non-centrifuged extracts usually agree within 
20 p.c. An exception is provided by the experiments 5 and 6 in which the non-centrifuged un 
heated extracts were kept for three hours before testing. It will be seen that heating the super- 
natant fluid no longer increases the acetylcholine yield, but produces in the majority of the 
experiments a slight decrease. The last column gives the acetylcholine values for the sediment. 
Part of its acetylcholine is brought into solution when the sediment is ground up with a given 
volume of Tyrode solution. The figures in Table 2, however, were obtained after heating, which 
probably brings all the available acetylcholine into solution. There was a close agreement 
between the acetylcholine content of the sediment and the increase in the acetylcholine yield on 
heating non-centrifuged extract. In experiment 7, for instance, sediment corresponding to 1 gm. 
of tissue yielded 1-8y of acetylcholine and heating the non-centrifuged extract increased the 
acetylcholine yield per gram tissue by 2-2y. The corresponding figures in experiment 8 were 
3-9 and 4-4y respectively. In both conditions the additional acetylcholine revealed on heating 
appears therefore to be derived from insufficiently ground cellular particles. 

When unheated non-centrifuged extract is kept at room temperature for several hours the 
acetyleholine yield increases. This fact explains the high values obtained for the unheated non- 
centrifuged extracts in experiments 5 and 6. The increase results from the release of acetyl- 
choline from the solid cellular particles, since it does not occur when these are removed by 
centrifugation. 
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DISCUSSION. 


The observation of Corteggiani et al that the acetylcholine yield of a saline 
{_ssue extract increases on heating and on standing has been confirmed and ex- 
tended to histamine. The increase, however, did not occur in cell-free extracts 
which were obtained by centrifugation. We must therefore assume that the cells 
ead celi debris which are suspended in the solution obtained by grinding a tissue 
ia saline contain their acetylcholine or histamine which diffuses out slowly on 
standing and is brought into solution rapidly when the cells are destroyed by heat. 
‘his hypothesis is supported by the findings that the cellular material spun down 
by centrifugation yielded on heating acetylcholine or histamine and that the 
amounts so obtained corresponded to the increased yield when non-centrifuged 
extracts were heated. Thus the conclusion drawn by Corteggiani and her associates 
that the acetylcholine is present in the tissues in two forms ‘‘bound’’ and ‘‘free’’ 
and that there is a ‘‘complex’’ from which it may be liberated by an enzyme on 
standing or by destruction of the ‘‘complex’’ by heat is no longer supported by 
experimental evidence. The various properties which have been assigned to the 
hypothetical ‘‘complex’’ can be explained on the assumption that the additional 
acetycholine (or histamine) is derived from cellular particles suspended in the 
fluid. Corteggiani and her co-workers (1936b) found that immediate alcoholic 
extraction of a tissue yielded less acetylcholine than a saline extract after heating 
and that the acetylcholine yield of such an alcoholic extract did not increase on 
heating. They, therefore, concluded that the ‘‘complex’’ is insoluble in alcohol. 
Their results are explained since no cellular particles are present in alcoholic ex- 
tracts and indicate that alcohol is an inadequate solvent for tissue extracts unless 
it is acidified or repeated extractions are carried out. Again Corteggiani (1937a) 
found that trichloracetic acid, acetone or acid alcohol extractions yield the same 
amount of acetylcholine as heated saline extracts, and it was pointed out that these 
agents precipitate the proteins and lipo-proteins in which the acetylcholine ‘‘ap- 
pears to be in complex form’’. But the high yield of acetylcholine under these 
conditions is associated not with an action on the proteins and lipo-proteins in 
solution but on the suspended cellular material, which is more completely disin- 
tegrated by such agents than by neutral aleohol. Corteggiani (1937b) assumes 
that in the absence of eserine the ‘‘complex’’ does not persist in watery solutions 
but only in isotonic or hypertonic solutions. Her findings, however, indicate 
that the cholinesterase, which does not alter acetylcholine inside the suspended 
cells, is able to act when these are subjected to hypotonic solutions. Similar argu- 
ments may be raised against recent claims to have reconstituted the acetylcholine 
‘*complex’’ (Corteggiani et al, 1937¢). 

The experiments of Corteggiani et al were preceded by experiments on blood 
by Kahane and Lévy (1936). They found that if boiling water is added to blood 
acetylcholine could be detected in it. Since they showed, by filtration, that the 
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acetylcholine was derived from the sediment; this effect also may be due to « 
struction of cells by heating. Otto Loewi and his co-workers (1937) have publisi | 
experiments believed to demonstrate a water-insoluble form of acetylcholine, a | 
this also may be subject to a similar interpretation. 

Our results indicate that not only the intact cell, but even cellular debris 








able to retain its histamine or acetylcholine. This was particularly evident .1 
those experiments on the dog’s liver in which the extracts were not thorough: 
centrifuged. Microscopical examination of the supernatant fluid showed that sor. e 
cell debris was still present. When this was spun down by further centrifugatic« 
it was shown to contain large amounts of histamine which could be brought in» 
solution on heating. Feldberg and Kellaway (1938b) have made an observatiou 
pointing in the same direction. They perfused the dog’s liver and found that the 
perfusate after the intraportal injection of staphylococcal toxin contained large 
amounts of cellular debris which could be spun down. This debris was rich in 
histamine which was brought into solution on heating. These facts are of import- 








ance in considering the state in which histamine and acetylcholine are present in 
the tissues. Beznak (1934) discussing this problem for acetylcholine distinguished 
between two possible conditions, that it is present in the form of an inactive pre- 
cursor or that the cell is a ‘‘diffusion-tight compartment’”’ in the interior of which 
acetylcholine is in a diffusible condition. His experiments excluded the latter 
possibility. He found that press juice of the frog’s heart contained at a maximum 
only a tenth of the acetylcholine, which could be extracted by trichloracetie acid. 
The press juice was obtained by grinding up frog’s heart after freezing and adding 
eserine. These experiments agree with our observations on histamine and show 
that freezing the tissue brings only part of the available active substances into 
solution. Beznak, however, has not considered the possibility that broken cells 
and debris are capable of retaining their acetylcholine. The conception that acetyl- 
choline and histamine are in a diffusible form within the cell and are prevented 
from escaping by the outer cell membrane is no longer tenable. But there is also 
no evidence for the presence of a soluble precursor or ‘‘complex’’. It appears that 
the internal structure of the cell and not the integrity of the outer cell membrane 
determines its capacity for holding in its substance these active principles. Wen, 
Chang and Wong (1936) in their experiments on the presence of acetylcholine in 
the human placenta have provided strong evidence that as far as this organ is 
concerned, the acetylcholine is located in specially defined granules. As long as 
the internal cellular structure even of part of a cell is intact, acetycholine or hista- 
mine is prevented from becoming diffusible. This structure can be destroyed by 
long continued and thorough grinding; freezing and thawing are not very effec- 
tive. Since snake venoms set free all the histamine from cell debris, and since their 
action appears to be upon the cell lipins, the integrity of the internal cellular strue- 
ture may be dependent on the existence of continuous lipin layers. Ionic changes, 
like an increase in potassium-ion concentration, cause liberation of acetylcholine 
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Beznak, 1934 ; Brown and Feldberg, 1936 ; Feldberg and Guimarais, 1936 ; Chang, 

136) and appear therefore to change the internal cellular structure. It has been 
assumed that this change in ionic balance is also responsible for the liberation of 
-vetylcholine by nerve impulses. 

Our results may have some bearing on observations on the synthesis of acetyl- 
‘oline. Chang (1935) in his paper on formation of acetylcholine in the human 
»lacenta observed an increase in the acetylcholine yield when unheated saline ex- 
ivaets of ground placenta were incubated for several hours. He attributes this 
inerease to the setting free of ‘‘reserve acetylcholine from its precursor’’. His 
results may not indicate ‘‘formation’’ of acetylcholine but its release from cellular 
niaterial suspended in the fluid. It is doubtful whether he would have observed 


an inerease if the extract had been heated before testing, or had been freed from 
cellular material by centrifugation before incubation. In his later experiments 
(1936) on perfused placentas, he used alcohol, which is not a satisfactory agent for 
complete extraction of tissue acetylcholine, and his results present several possible 
interpretations. Quastel, Tennenbaum and Wheatley (1936) claim to have de- 
monstrated the formation of acetylcholine in tissue slices of brain. Since suspen- 
ded cell debris slowly gives off its acetylcholine on standing, the thin tissue slices 
(0-2-0-4 mm.) used in their experiments might have behaved similarly. Further- 
more, so far as their experiments on guinea-pigs are concerned, they have assumed 
too low a control value for acetylcholine since they based their calculations upon 
the observations of Kwiatkowski (1935) whose results were obtained by testing 
unheated saline extracts of ground-up brain. If Quastel et al had based their 
calculations upon such high values for tissue acetylcholine as we have obtained 
with heated saline extracts their argument for ‘‘formation’’ would have been less 
convincing. More recently Stedman and Stedman (1937) have published experi- 
ments on synthesis of acetylcholine in minced brain tissue employing chloroform. 
Their experiments do not exclude the possibility that the acetylcholine that they 
found was derived from suspended cellular material which may have been disrupted 
by the chloroform. They have based their conclusion upon the erroneous assump- 
tion that ‘‘mineing the brain tissue causes a complete destruction of any acetyl- 
choline which it may have contained’’. The arguments which we have brought 
against other work on the formation of acetylcholine may therefore also be valid 
against much of this recent experimental evidence. 


CONCLUSION. 


1. The acetylcholine yield of an eserinized saline extract of ground guinea- 
pig’s brain increases on heating and on standing (in confirmation of Corteggiani 
et al 1936, 1937). The histamine yield of saline extracts of ground dog’s liver 
increases under similar conditions. The increase does not result from the presence 
of a soluble ‘‘complex’’ from which acetylcholine is given off as was assumed by 
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Corteggiani et al, but from the fact that in the extracts there are suspended : 
completely fragmented cells the acetylcholine and histamine of which are brou it 
into solution by heat and on standing. This conclusion rests upon the observati-: 1s 
that cell-free extracts obtained by centrifugation gave no such increase, and t. it 
the spun down particles yield histamine or acetylcholine on heating. 

2. These observations throw new light on the problem of the state in whi-h 
acetylcholine and histamine are present in the cell and have been discussed in r=.a- 
tion to recent work on formation of acetylcholine. 


ACKNOWLEDGMENT. 


I wish to acknowledge my indebtedness to Dr. C. H. Kellaway and Dr. W. 
Feldberg for help and encouragement in this research. 


REFERENCES. 
Best, C. H. (1929): J. Physiol., 67, p. 256. 
Beznak, A. B. L. (1934): J. Physiol., 82, p. 129. 
Brown, G. L. and Feldberg, W. (1935): J. Physiol., 84, p. 12, P. 
Chang, H. C. (1935): Proe. Soe. exp. Biol., N.Y., 32, p. 1001. 
Chang, H. C. (1936): Proc. Soc. exp. Biol., N.Y., 34, p. 665. 
Chang, H. C. and Gaddum, J. H. (1933): J. Physiol., 79, p. 255. 
Corteggiani, E. (1937a): C.R. Soc. Biol., Paris, 124, p. 1197. 
Corteggiani, E. (1937b): Ibid., 125, p. 944. 
Corteggiani, E., Carayon-Gautel, M., Gautrelet, J. et Kaswin, A. (1937¢): Ibid., 125, p. 945. 
Corteggiani, E., Gautrelet, J., Kaswin, A. et Mentzer (1936a): Ibid., 123, p. 664. 
Corteggiani, E., Gautrelet, J., Kaswin, A. et Mentzer (1936b): Ibid., 123, pp. 667, 668. 
Feldberg, W. and Guimarais, J. A. (1936): J. Physiol., 86, p. 306. 
Feldberg, W. and Kellaway, C. H. (1937a): J. Physiol., 90, p. 257. 
Feldberg, W. and Kellaway, C. H. (1937b): Austral. J. exp. Biol. and Med. Se., 15, p. 461. 
Feldberg, W. and Kellaway, C. H. (1938a) : J. Physiol. (in press). 
Feldberg, W. and Kellaway, C. H. (1938b): Unpublished Experiments. 
Feldberg, W. und Krayer, O. (1933): Arch. exp. Path. Pharmak., 172, p. 170. 
Kahane, E. et Lévy, J. (1936): C.R. Acad. Se., Paris, 202, p. 1210. 
Kwiatkowski, H. (1935): Arch. exp. Path. Pharmak., 177, p. 154. 
Loewi, O., Hagen, R., Kohn, H. und Singer, G. (1937): Pfliigers Arch., 239, p. 430. 
Minz, B. (1932): Arch. exp. Path. Pharmak., 168, p. 292. 
Quastel, J. H., Tennenbaum, M. and Wheatley, A. H. M. (1936): Biochem. J., 30, p 1668. 
Stedman, E. and Stedman, E. (1937): Biochem. J., 31, p. 817. 
Wen, I. C., Chang, H. C. and Wong, A. (1936) : Chinese J. Physiol., 10, p. 559. 














INFECTION OF THE CENTRAL NERVOUS SYSTEM BY 


LOUPING ILL VIRUS 
AN INVESTIGATION BY THE QUANTITATIVE EGG MEMBRANE TECHNIQUE 


by 
F. M. BURNET anp DORA LUSH! 


(From The Walter and Eliza Hall Institute, Melbourne). 
(Submitted for publication 24th May, 1938.) 


The methods developed in this laboratory for the titration of viruses by ‘‘ pock 
counting’’ on the chorioallantois have been applied to a wide range of immuno- 
logical problems (Burnet, Keogh and Lush, 1937; Keogh, 1936; Burnet and Lush, 
1936) and to studies on the influence of such agents as formalin and photodynami- 
cally active dyes on viruses. The work to be reported exemplifies another field in 
which the technique can be utilized, that of tracing the spread of virus through 
the tissues of a susceptible animal. The problem chosen for investigation, the 
spread of louping ill virus to the central nervous system of the mouse after intra- 
peritoneal and intranasal inoculation has not been previously attacked, but work 
along similar lines with several other neurotropic viruses has been reported. A 
recent review by Hurst (1936b) gives a survey of the results obtained, and it will 
be found that our results can be readily interpreted in accordance with the con- 
ceptions developed by Hurst in this review. 

Louping ill virus is not a particularly satisfactory one for egg membrane titra- 
tion, as the lesions are small, and secondary foci frequently develop. When tissue 
emulsions containing the virus are placed on the membrane non-specific reactions 
due to tissue particles may obscure the specific lesions to some extent. If there are 
more than two or three foci there is never any difficulty in deciding whether they 
are specific, but one occasionally sees an isolated lesion on a control membrane 
which could be misinterpreted as a louping ill focus. When there are only one or 
two apparent foci on an experimental membrane, it is probably best to regard 
them as negative, unless the foci are well developed and of typical virus character. 
As it has been shown previously that the egg membrane is about ten times as sen- 
sitive an indicator of the presence of louping ill virus as the mouse inoculated 
intracerebrally, this occasional doubt as to the significance of isolated foci does not 
destroy the relative superiority of the egg membrane method. In addition to this 
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higher susceptibility there are several important advantages of the method o 
the current technique of mouse inoculation. Fertile eggs are much cheaper tl 
mice, more constantly obtainable and simpler to inoculate. The results are 
tained within two days, even with the highest dilutions in contrast to the fourt: 4 
days which must be allowed for the completion of a titration in mice. We he » 
often shown that an emulsion of louping ill virus in broth or in normal horse ser’ a 
saline can be kept in the refrigerator for several days without appreciable inacti 
tion. It is therefore possible to make a rough test of material on one day, read j 
results two days later, and then repeat or elaborate any titrations for which tl. s 
seems desirable. In the early stages of infection this method allows a great de | 
of information to be obtained without wasting eggs unnecessarily in titrating tiss. e 
suspensions which contain no virus. 


TECHNIQUE. 


A single mouse passage strain of louping ill virus obtained originally from Moredun | 

Mr. I. A. Galloway was used throughout. It has been maintained by relatively infrequent intra 
cerebral passage in mice With storage in 50 p.c. glycerol in the refrigerator between passages 
For most experiments ‘‘mouse’’ virus was used in the form of a suspension made by grinding 
finely one mouse brain in 5 ¢.c. of nutrient broth and spinning in an angle centrifuge for ter 
minutes. ‘‘Egg’’ virus represents an emulsion of one egg membrane showing confluent lesions at 
two days, prepared similarly in 5 ¢.c. of broth. Mice from six to eight weeks old were inoculated 
as required, and from six to twelve were killed on successive days. Asa rule four portions of the 
central nervous system were removed aseptically and with precautions to prevent contamination 
by virus in other parts. The following routine was followed in most experiments. The mouse was 
bled from the axillary artery under anaesthesia, the skin over the back and skull removed and the 
surface flamed. The skull was seared across with the sharp edge of a heated scalpel about 2 mm. 
behind the junction of the olfactory bulbs with the cerebrum. The upper half of the spinal cord 
was now removed with fine pointed scissors and placed in a sterile Wassermann tube. A crescent 
shaped portion of the occipital bone was removed and a wedge of cerebellum and pons clipped out 
with fine curved scissors. The vault of the skull was now taken off as far as the line of searing and 
another wedge-shaped segment removed comprising portion of both cerebral hemispheres and 
basal ganglia. With a heated scalpel the cerebrum was now scraped away and the olfactory bulbs 
exposed. These were separated from the anterior pole of the cerebral hemispheres and removed. 
The four pieces of roughly comparable bulk were placed in Wassermann tubes and 0-6 c¢.c. of 
broth were added to each tube. The tissue was disintegrated by adding sterile quartz powder 
and rubbing against the side of the tube with a fairly stout capillary pipette. When the paste so 
formed was washed down and drawn in and out of the pipette a few times a satisfactory emulsion 
was obtained. The tube was now corked and centrifuged for ten minutes, All titrations are ex- 
pressed in terms of the number of foci produced by 0-05 ¢.c. of the supernatant fluid from such 
tissue emulsions. The actual titrations were made by the standard method on the chorioallantois 
of twelve-day chick embryos, foci being counted after about 44 hours’ incubation. 


1. Preliminary Experiments. 


The first experiments were directed toward finding what proportion of virus injected could be 
recovered from mouse brain tissue in order to obviate the possibility that virus liberated by 
grinding from infected cells would be rendered undetectable by absorption to normal cells 
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sent in the same portion of tissue. In two experiments a small amount of virus (0-025 e.c.) 

« is inoculated into a mouse brain which had been removed from the animal. The brain was then 

g ound with quartz powder and a centrifuged emulsion prepared according to the usual technique 

aid titrated. In neither experiment was there any indication that virus had been rendered 

detectable by contact with normal tissues over the period of time ordinarily occupied in the 
»paration and centrifugation of the tissue emulsions. 


When virus is inoculated intracerebrally and the brain of the mouse removed 
<iortly afterwards and titrated, there is a considerable reduction in the amount 
of virus demonstrable. The percentage of virus recovered by our standard tech- 
nique in such an experiment was as follows: 


Five minutes after inoculation 3%, 4% 
One hour fe ” 0-15%,1-1% 
Three hours a a 0-6%, 0-2%, 0-8% 


Multiplication of virus after intracerebral inoculation was evident in 24 hours, and 
at 48 hours large amounts were demonstrable in the supernatant fluid from the 
emulsified cerebral hemisphere. 


2. Spread of Infection to the Central Nervous System after Intraperitoneal 

Injection. 

Mice inoculated intraperitoneally with 0-2 ¢.c. of a mouse brain emulsion of 
louping ill virus died with signs of central nervous system involvement in from six 
to ten days. Several series showed a few survivors, but over 90 p.c. of the inocu- 
lated mice died. With reduction of the dose to 0-2 ¢.c. of a 1: 100 dilution, nearly 
all mice survived. 


TABLE 1. 


Representative Results After Intraperitoneal Inoculation of Louping Ill Virus. 


Olfactory Cerebral Probable point 
Mouse. Day. Bulb. Hemisphere. Cord. of entry. 
2024 3 13, 6, 7 0, 0, 0 0, 0, 0 Olfactory bulb. 
2540 4 50, +,++ 6, 12 0, 0, 0 Olfactory bulb. 
2537 3 0, 0, 0 0, 0, 0 ++(1: 10. 7,20,10) Cord. 
2547 4 3. 6, 1 35, 34, + 0, 0, 0 ?Cerebral hemisphere. 


Figures show the number of foci obtained on the chorioallantois from 0-05 ¢.c. of centrifuged 
emulsions; +, foci not countable but probably less than 50; +-+-, numerous foci. 


Examination of olfactory bulb, cerebral hemispheres and spinal cord for virus 
at periods from one to five days after inoculation gave rather irregular results. 
If we exclude one experiment which will be referred to later, the findings indi- 
cated that in a majority of the mice the olfactory bulbs were the first part of the 
central nervous system to be affected. There were fifteen mice in which the results 
obtained were sufficient to indicate which part of the brain was first affected. Of 
these, twelve showed a higher concentration in the olfactory bulbs than elsewhere, 
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two showed infection of the cord before other parts were infected, and one show 
a considerably higher concentration of virus in the cerebral hemisphere than 
the olfactory bulb. Representative results of each type from these experime: 
are shown in Table 1. Most of the differential results were obtained on the thi 
and fourth days. Very few mice were infected on the second day, while by t 
fifth the virus was spread over most of the nervous system. Table 2 shows the co 
bined results of the whole series in terms of positive and negative tests. 


TABLE 2. 
Summary of Intraperitoneal Inoculation Results. 


2 days. 3 days. 4 days. 5 days. 

— —_—sA—_ —_—_—. 1 
= ie ee “hess 
Olfactory bulb é 13 4 18 9 7 
Cerebral hemisphere a 3 9 
Spinal cord 0 9 1 21 3 13 


Figures show the number of mice tested which gave the indicated result. 


In the experiment excluded from these tables, twelve mice were inoculated intraperitonealls 
with a centrifuged suspension prepared from mouse brains removed only an hour or two previously. 
This appeared to be the only point at which the technique differed from that of the other experi 
ments. The mice were killed three and four days after inoculation, and showed a much wider 
diffusion of virus than in other experiments. Only one mouse contained no detectable virus in 
the central nervous system, two showed on the third day larger amounts in the olfactory bulb, four 
had higher concentrations of virus in the cord and cerebral hemisphere than in the olfactory bulbs, 
while five showed large amounts in all three regions. 

In an attempt to determine whether the virus entering the nervous system via 
the olfactory bulb was liberated on the olfactory mucosa from the blood, mice 
which had been treated with an astringent, zine sulphate, tannic acid or alum intra- 
nasally, were compared with untreated animals. The mice treated with zine sul- 
phate (1 p.c.) showed some prolongation of survival time, and when the dose was 
near the lower infecting limit a few mice were protected. With very large doses 
no protection was evident. Table 3 is a combined protocol of two experiments, in 
one of which egg virus was compared with mouse virus of approximately ten times 
its virus concentration, and a second in which three serial dilutions of egg virus 
were used as infecting doses. The treated mice were given 0-01 ¢.c. of 1 p.c. 
ZnSO, solution into each nostril under anaesthesia about an hour before the intra- 
peritoneal inoculation. 

When an attempt was made to increase protection by giving two subsequent 
intranasal instillations of astringent solution one and two days after the initial 
instillation and intraperitoneal inoculation, no benefit was observed with either 
zine sulphate, alum or tannic acid. All became infected rather more rapidly than 
the control mice. We are inclined to think this result may be related to the re- 
peated anaesthetization of the treated mice. 
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As might be expected, damage to the brain by intracerebral inoculation of 
(0) J25 e.e. broth an hour before the intraperitoneal inoculation caused localization 
of the virus in the damaged hemisphere and accelerated death. The survival times 
jr. one experiment were for controls inoculated intraperitoneally only, 7, 8, 8, 8, 9, 
1. days, for mice receiving as well an intracerebral inoculation with broth, 5, 5, 5, 
6 6,6 days. At three days after inoculation, five out of six mice showed large 
aiounts of virus in the cerebral hemispheres. Three out of six olfactory bulbs 
coutained virus, but in much smaller amount. 


TABLE 3. 


Influence of Intranasal Treatment with Zinc Sulphate on Survwal Time of Mice 
Inoculated Intraperitoneally with Louping Ill Virus. 
Inoculum. Treated. Controls. 


Egg virus (6 x 105) 7, & & & 3,.3 7, 8, 8 
Mouse virus (5 X 106) ‘éj 3% % % 2 7, 7, 8, 9 
Egg virus undiluted 2, %5 3m, 38 8, 8 
a 2 10, 11, 8, 8, 8, § 5 9, 9, 10, 10 
+. «» some 9, 10, 8, 8, 8, 8 12, 8, 8, 8 


S = survival for fourteen days. Figures give the number of days to appearance of typical 
symptoms or death. 


In view of the reported difficulty of immunizing mice against louping ill 


(Webster, 1938) it is of interest to note that a substantial immunity developed in 
most of the mice which survived intraperitoneal injection of virus. 


A group of 27 survivors from several such experiments was inoculated intraperitoneally with 
undiluted virus fatal for all of four controls. Twenty-four survived, and a fortnight later these 
were retested by intranasal or intracerebral inoculation of undiluted virus. Seven of twelve 
inoculated intracerebrally survived, eight out of nine inoculated intranasally. Control mice all 
died in 5, 5, 5, 7 days after intracerebral inoculation, in 9, 10, 11 days after intranasal. 


3. Course of Infection after Intranasal Inoculation. 


Intranasal inoculation of 0-02 ¢.c. of undiluted virus under anaesthesia re- 
sults regularly in infection, symptoms appearing from seven to ten days after in- 
oculation. With high titre virus (mouse brain origin) the olfactory bulbs become 
infective on the second, third or fourth day after inoculation, and the infection 
then appears to spread progressively through the central nervous system. No tests 
for virus content of the blood were made, but an indication that transport of virus 
by the blood played no part in the pathogenesis was obtained by giving an intra- 
cerebral inoculation of broth just before inoculation intranasally. In sharp con- 
trast to the results of the same procedure with intraperitoneal inoculation, there 
was no shortening of the survival time, the period elapsing before the appearance 
of typical symptoms or death being for control mice 8, 8, 10, 10, 10 days, for those 
given an intracerebral inoculation of broth as well, 8, 8, 8, 10, 10 days. 
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The tests for virus in the different portions of the central nervous system \ 
made along the following lines. 

Eight to twelve mice were killed in each batch and all the emulsions prepared; onl) 
olfactory bulb emulsions were tested, however, on the same day. Two days later the results 
read and other emulsions from those mice showing virus in the olfactory bulb were tested. I 
olfactory bulb count was low (less than 20 or 30 foci) only the cerebral hemisphere was te 
with larger amounts (uncountable lesions) all the other emulsions were tested. 


TABLE 4. 


Summary of Results of Intranasal Infection Experiments. 


2 days. 3 days. 4 days. 5 days. 6 days 

+ — a ee + + 
Olfactory bulb 2 6 9 9 14 4 9 0 10 () 
Cerebral hemispheres 2 2 8 10 
Cerebellum 0 1 5 6 
Spinal cord 0 0 6 7 


Note. All olfactory bulbs were first tested and two days later the other specimens from thos 
brains showing virus in the olfactory bulbs were tested. No further tests were made on brains wit 
negative results from the olfactory bulbs. Symbols as in Table 2. 


TABLE 5. 


Representative Titrations to Show Gradient of Spread Through the Central 
Nervous System. 


Cerebral Spinal 

Mouse. Days. Olfactory bulb. Hemisphere. Cerebellum. Cord. 
1952 2 8, 7, 

2590 3 60, 55, 45 0, 0, 0 

1954 3 +, + +t 10, + 0, 0 

2598 + ++ (100-200) 0, 0, 0 i 0, 0 
2670 4 ++ (3,000) ++, ++ 3, + 0, 0 
2639 5 ++ (100,000) 20, 13, 25 80, ++ a6 + 
2630 5 ++ (150,000) 46, 35 3 1 a 
2631 5 ++,++ ++, ++ ++,++ ++, +4 


Symbols as in Table 1. Bracketed results derived from retitration of diluted material. 


In Table 4 is a summary of all experiments made with virus of mouse origin, 
and in Table 5 representative titrations at various stages are shown. The figures 
given are the numbers of foci obtained from 0-05 e¢.c. of the tissue emulsion pre- 
pared as described. The figures for the olfactory bulbs with uncountable lesions 
are derived from retitrations, using 1: 100 and 1: 10,000 dilutions of the original 
emulsion. It is probable that the difference between the four- and five-day results 
is exaggerated in Table 4, since it was naturally impossible to do the whole series 
in a single experiment. The virus used for the experiment involving five and six 
days was probably slightly more active than the samples used in the other experi- 
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.ents, although titrations of the inocula gave practically identical results—20 to 
) foci with a dilution of 1: 10°. Even allowing for this exaggerated difference it 
clearly evident that multiplication of the virus in the olfactory bulb region pro- 
resses considerably before the rest of the brain is infected, and that once infection 
ypears in the cerebral hemisphere it spreads much more rapidly throughout the 
ntral nervous system. By the time the animals show symptoms, from the seventh 
ay onward, virus is present throughout the central nervous system, and even in 
he peripheral nerves. The sciatic nerve of the mouse is very small and very diffi- 
‘alt to emulsify satisfactorily, yet in all four cases in which nerves from mice 
showing symptoms were tested, semi-confluent lesions were produced on the egg 
membrane. 


DISCUSSION. 


The results obtained in these experiments are in general agreement with those 
of previous workers on the spread of viruses of predominantly but not exclusively 
neurotropic character. This group includes the viruses of vesicular stomatitis, 
equine encephalomyelitis, viscerotropic yellow fever, Rift Valley fever and loup- 
ing ill. It is of interest in passing to note that all these viruses are readily culti- 
vated on the chorioallantoic membrane. Hurst (1936a) has discussed the spread 
of equine encephalomyelitis virus to the central nervous system of monkeys and 
guinea-pigs in detail, and in this and another paper (Hurst, 1936b) groups the 
viruses mentioned above as pantropic viruses, Type 2. With equine encephalomy- 
elitis he found that virus inoculated peripherally usually reached the central ner- 
vous system by way of the olfactory mucosa, but it was not possible to prove that 
this was the only mode of infection. The same position is reached in regard to our 
experiments with louping ill in the mouse. The olfactory route is the usual one, 
but in certain mice infection of the central nervous system appeared to originate 
in the spinal cord or cerebrum. The ease with which intraperitoneally inoculated 
virus infected the cerebrum damaged by an intracerebral inoculation of broth 
would suggest that any minor traumatic or infective lesion in the central nervous 
system might allow infection to be initiated at the point involved and so provide 
some explanation of the observed discrepancies. 

Intranasal inoculation showed rather more variability in the time at which 
the various parts of the central nervous system became infected than might have 
been expected. The olfactory bulbs took from two to four days to become infected, 
and as far as can be determined from the protocols the virus multiplied extensively 
in this region before spreading significantly to the rest of the brain. In fact there 
appears to be definite evidence that between the olfactory bulb and the rest of the 
brain there is a ‘‘ physiological barrier’’ which requires to be overcome before in- 
fection generalizes. Once infection passes beyond this barrier it spreads very 
rapidly down to the spinal cord and the virus is detectable in large amounts 
everywhere. 
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This conception is in agreement with the results of Sabin and Olitsky (1: 
who found that a similar ‘‘barrier’’ was responsible for preventing the spree 
vesicular stomatitis virus given intranasally in old mice. 





















SUMMARY. 


1. The quantitative egg membrane technique can be used for the study 0° e 
infection of the central nervous system by louping ill virus, and possesses s_ .e 
useful advantages over current mouse inoculation methods for this purpose. 

2. Virus inoculated intraperitoneally usually enters the central nervous 
tem via the olfactory mucosa and olfactory bulb, but this method of entry is :. 
invariable. Trauma to the cerebral hemisphere allows the virus to enter at te 
point of damage and accelerates the spread of infection. 

3. After intranasal inoculation the virus enters the olfactory bulb and mulii- 
plies there, reaching a high concentration before the rest of the brain is infected. 
Once infection reaches the brain stem it spreads very rapidly throughout the 
nervous system; large amounts of virus are present in the sciatic nerve by the 
time symptoms appear. 
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THE POLYNUCLEAR COUNT IN THE AUSTRALIAN 
ABORIGINE 


by 
BRIAN MAEGRAITH 


(From the Sir William Dunn School of Pathology, Oxford). 


(Submitted for publication 14th May, 1938.) 


Pai (1935) observed that in a series of 42 apparently normal Chinese residents 
in Moukden there was a notable shift to the left in the polynuclear counts compared 
with similar counts made on healthy Englishmen in Leeds. (Cooke and Ponder, 
1927.) Chinese previously displaying a shift to the left when in Moukden showed 
counts approaching normal English counts when domiciled for any length of time 
in Britain. Pai therefore suggested that ‘‘ climatic conditions might be responsible 
for the differences noted’’. Kennedy (1935) and Kennedy and MacKay (1935) 
reported a similar shift to the left occurring in the natives of Iraq and in the blood 
of English airmen stationed in Lraq. 

The figures given below are the results of polynuclear counts made on blood 
smears prepared from Australian aborigines living at Koonibba, West Coast of 
South Australia. The subjects from whom the blood was obtained were pure- 
blooded aborigines of both sexes, chosen essentially for other anthropological in- 
vestigations. As far as could be judged the natives were in a healthy state. 


TECHNIQUE. 


Smears were made from blood obtained by pricking the lobe of the ear. They were dried 
rapidly in the air and stained by Leishman’s method. The material was collected by Prof. J. B. 
Cleland, Adelaide University. 

One hundred cells were counted in each case. Distorted or crushed cells or free nuclei were 
not included in the counts. The criteria of Cooke and Ponder (1927) were used in all counts, 
viz.: If there was any band of nuclear material except a chromatic filament connecting the 
different parts of a nucleus, that nucleus was not, for the purposes of the count, said to be divided. 


RESULTS. 
The average count in the 47 smears examined was found to be: 


I II Ill IV V 
33°5 42°3 20-4 3°5 0-3 
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Serial No. 


OID Ok We 


50 


Average 


28 
37 
24 
20 
10 


30 


49 


30 
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II 


41 
43 
43 
40 


49 


44 
46 
46 
39 
43 
44 
41 
45 
43 
41 

47 
41 
40 
36 
45 
43 
46 
42 
48 
40 
44 
42 
38 
43 
42 
41 

4] 

38 
44 
49 
44 
43 
38 
39 

43 

44 

38 


42-3 


Detailed results are set out in the table. 


TABLE 1. 


Nuclear Classes. 


Ill 
24 
18 
29 
32 
33 


26 





20-4 


Standard deviation, 0-16. 
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Polynuclear Counts of Bloods from Australian Natives at Koonibba. 
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The average weighted mean of the counts is 1:96, which is much lower than 
t] at of 2-74 obtained by Cooke and Ponder in their series of normal English bloods 
a .d lower than the mean of 2-64 quoted by MacLeod (1935) for the white inhabi- 
t: ats of Melbourne. On the other hand it agrees closely with the average mean of 
a out 2-0 obtained by Breinl and Priestley (1917) for counts made on both whites 
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A. Aborigines af Koouibba . 
D. Iragi(Kennedy and Mackay) 


Figure 1. Polygons of weighted means of aboriginal counts compared with polygons of 
counts on Iraqi (Kennedy and MacKay, 1935). 


and natives in North Australia and New Guinea and also with the mean of 1-94 for 
airmen in Iraq and 1-99 for Iraqi observed by Kennedy and MacKay (1935). 
The frequency polygons of the weighted means of the aboriginal counts cor- 
respond closely to those of Iraqi obtained by Kennedy (see figure), and are shifted 
well to the left when compared with Cooke and Ponder’s normal counts. 
It may be noted here that the natives whose counts are given above conform 
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to the blood groupings of pure aborigines, 34 belonging to Group A and li ‘o 
Group O (Cleland and Woollard, 1929). 


SUMMARY. 


The average weighted mean of polynuclear counts on bloods obtained fr m 
Australian natives at Koonibba shows a marked shift to the left compared with se 
mean of whites living in England or Melbourne. 

This is in keeping with the results of other polynuclear counts done on b. ih 
natives and white people living in hot climates. 


REFERENCES. 
Breinl, A. and Priestley, H. (1917): Annal. Trop. Med. and Parasit., 10, p. 427. 
Cleland, J. B. and Woollard, H. H. (1929): Med. J. Australia, July 6, 1929. 
Cooke, W. E. and Ponder, E. (1927): The Polynuclear Count (Ch. Griffin & Coy., Ltd., London). 
Kennedy, W. P. (1935): Trans. Roy. Soc. Trop. Med. Hyg., 28, p. 475 
Kennedy, W. P. and MacKay, I. (1935): Ibid., 29, p. 291. 
Pai, H. C. 1935): J. Path. and Bact., 40, p. 381. 
MacLeod, J. (1935): Amer. J. Physiol., 111, p. 655. 




















THE SUSCEPTIBILITY OF THE DOG TO Q. FEVER 
by 

|. H. DERRICK, D. W. JOHNSON, D. J. W. SMITH anp H. E. BROWN 

(Queensland Health Department, Brisbane). 

(Submitted for publication 25th April, 1938.) 


The natural method of transmission of Q fever is still obscure. It is suspected 
that there is an arthropod vector with perhaps an animal reservoir of infection 
(Derrick, 1937). It is important therefore to ascertain, inter alia, the suscepti- 
bility or otherwise of various animals. 
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Figure 1. Temperature charts of dogs. Black areas show temperatures over 39-6°C. 
K, killed; S, splenectomy. The arrows and the signs beneath them indicate guinea-pig injections 
and their results. 


The following experiments show that the dog is susceptible. 


Two dogs were inoculated in the shoulder region with 5 mils of liver emulsion from a 
guinea-pig of the 38th passage of the stock (J) strain of Q fever virus. 0-01 mil of this 
emulsion gave a control guinea-pig of 360 gms. a strong febrile reaction. The temperature of 
the dogs was recorded twice daily. Test guinea-pigs were inoculated at intervals with blood and 
organs from the dogs with results shown in Table 1, 














246 E.H. DERRICK, D. W. JOHNSON, D. J. W. SMITH, H. E. BROWN 


Dog 1 was a male fox terrier about 2 years old and weighing 11 kg. On the afternoon o 
third day after injection its temperature rose to 40-7°C. and remained above normal for the 
two days also (Figure 1). During this time there were loss of appetite, loss of energy 
apparently some abdominal tenderness. On the second day of fever the virus was found ; 
present in the blood, though only in sufficient quantity to give an inapparent infection t 
test guinea-pig. 
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Figure 2. Temperature charts of guinea-pigs injected with the organs of Dog 1. A 55 was 
injected with a strong emulsion of spleen and liver, the others with 0-001 gm. of blood (A 56), 
spleen (A 57), liver (A 58), kidney (A 59) and brain (A 60). A55 and A 57 reacted. Four 
weeks later a test dose of Q virus showed immunity of A 55 and A 57, and at least a partial 
immunity of A 60. Temperatures over 40°C. were regarded as febrile. 


The dog was killed on the sixth day after injection. The only abnormality to be seen at the 
post-mortem examination was a moderately enlarged spleen with a coarsely granular surface. 
A strong emulsion of spleen and liver was prepared and was found to contain the Q virus, for 
it gave a vigorous infection to guinea-pig A55 (Figure 2), but caused no reaction in a 
Q-immune guinea-pig (not illustrated). The spleen was infective to a guinea-pig in a dose of 
0-001 gm. A similar amount of brain gave a guinea-pig an inapparent infection. Liver, kidney 
and blood were not found infective in this dosage. No rickettsiae were seen in smears of blood 
or spleen stained with Giemsa. 

Dog 2 was a male fox terrier about 18 months old and weighing 9 kg. It reacted with mild 
fever (40°C.) on one occasion only—the afternoon of the third day (Figure 1). It showed 
symptoms similar to those of Dog 1. Blood from Dog 2 was injected into guinea-pigs on several 
occasions without, however, producing a febrile reaction in them. 








Days after 
Inoculation 
of Dog. 


Dog 1 4 
6 
6 
6 
6 


Dog 2 4 


its spleen. 








TABLE 1. 


Material Injected 
into Guinea-pig. 
Blood, 1-3 mils 


Blood, 2 mils 

Blood, 1 mil 

Blood, 0-001 mil 

Spleen and liver, strong 
emulsion, 2 mils 

Spleen, 0-001 gram 

Liver, 0-001 gram 

Kidney, 0-001 gram 

Brain, 0-001 gram 


Blood, 2 mils 

Blood, 1-5 mils 

Blood, 0-8 mil 

Blood, 2 mils 

Blood, 1-5 mils 

Spleen emulsion, 1-5 mils 
Spleen emulsion, 1 mil 


Blood, 2 mils 

Blood, 2 mils 

Blood, 2 mils 

Blood clot, 2 mils 

Mesenteric gland emul- 
sion, 3 mils 

Kidney, liver and lung 
emulsion, 3 mils 

Brain emulsion, 2-5 mils 


Result. 
oo 


Indefinite 


I+ +1 


Indefinite 


Doubtful 


Indefinite 


DISCUSSION. 
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On the 31st day after inoculation the spleen was removed by Dr. J. Legg assisted by Mr. 
i.oss Nott. Two guinea-pigs were injected with spleen tissue; one reacted doubtfully, the other 
it at all. The dog became mildly febrile on the second day after the spenectomy. In a week 
seemed quite well again. Q virus was not obtained from blood samples taken at intervals after 

» splenectomy, nor from the organs when the dog was killed fourteen days after. 


Results of Injection of Guinea-pigs from Dogs. 


Remarks. 


Inapparent infection becoming 
obvious on passage. 
Died of other cause. 


A Q-immune guinea-pig did not 
react to this emulsion. 


Inapparent infection. 


Complicating infection. 


Temperature reaction of doubt- 
ful significance. 


Died of other cause. 


These experiments show that the dog is susceptible to Q fever. One dog after 
inoculation ran a definite fever of three days’ duration, with anorexia and lassi- 
tude. The virus was recovered from its blood and from as little as 0-001 gram of 


The dog is therefore a potential reservoir of the virus of Q fever, and in con- 
junction with its ectoparasites might be a source of human infection. It seems 
unlikely, however, that it plays any important part in natural transmission. The 
patients have had no special association with dogs, nor would the disease have its 
localized distribution if it were spread by them. 

The dog is known to be susceptible to other rickettsioses—epidemice and en- 
demie typhus (Combiesco and Angelesco, 1933), fiévre boutonneuse (Durand, 
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1932) and Rocky Mountain spotted fever (Badger, 1933). With the last two 
dog is an important factor in human infection, for fiévre boutonneuse is tr: 
mitted by the dog tick Rhipicephalus sanguineus and the Eastern type of Ro 
Mountain fever by the dog tick Dermacentor variabilis. 

Donatien and Lestoquard (1936) have recently discovered a pathogenic 1 
kettsia (R. canis) affecting dogs in Algeria and France. It is transmitted by 
tick R. sanguineus. The symptoms of infection are fever, somnolence and a ri 
Monkeys also may be infected experimentally. The susceptibility of the dog 
Q fever raises the question of a possible relation between it and the rickettsiosis 
Algerian dogs, especially as R. sanguineus is common in Queensland. Howevei 
comparison of the two diseases brings to light some important differences. 1 
illness caused in dogs by R. canis is serious, often fatal; Q fever is mild. Guin 
pigs do not react significantly with R. canis; they are readily susceptible to 
fever. R. canis is usually round in shape, and ean often be seen in the cireulati: 


monocytes; the Q rickettsia is bacilliform and has not so far been seen in blow 


cells. The two diseases are therefore distinct. 


SUMMARY. 


The dog is susceptible to Q fever. 
It probably plays no part in transmission of the disease to humans, 





Q fever is not the same as the disease of Algerian dogs caused by Rickettsia 


canis. 
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THE LIBERATION OF HISTAMINE BY 
STAPHYLOCOCCAL TOXIN AND MERCURIC CHLORIDE 


by 
W. FELDBERG! anp C. H. KELLAWAY 


(From the Walter and Eliza Hall Institute, Melbourne). 
(Submitted for publication 28th July, 1938.) 


The liberation of histamine by venoms has been shown to result from the for- 
mation of lysocithin in the tissues and to be associated with the formation of a sub- 
stance causing slow and delayed contraction of the isolated jejunum of the guinea- 
pig. Similar substances are formed in vitro by the action of venom on egg yolk 
and on a sample of lecithin. In order to discover whether such a mechanism is 
involved in the liberation of histamine by other cell-injurious agents we have car- 
ried out experiments on staphylococcal toxin and, as suggested by Sir Henry Dale, 
on mereuric chloride. Staphylococcal toxin had already been shown to cause the 
liberation of histamine from the perfused lung of the guinea-pig (Feldberg and 
Keogh, 1937). We have examined its action on egg yolk, on a sample of lecithin, 
on the isolated jejunum of the guinea-pig and on the perfused lung and liver of 
the dog, and that of mercuric chloride on the perfused liver. 


METHODS. 


Concentrated staphylococcal toxin was prepared for us by Miss M. Freeman using the acetic 
acid precipitation method of Burnet and Freeman (1932). The cultures used were of staphylo- 
coccus aureus (Eggleston). The final volume of concentrated toxin was usually reduced to oth 
of its original volume. The yield was 50 to 60 p.c. It was free from any detectable quantity of 
histamine. The haemolytic titre was measured by haemolysis of washed rabbit’s red blood cells 
and was between 1: 8,000 and 1: 30,000. 

The method for testing histamine and toxin on the isolated jejunum of the guinea-pig and 
for perfusion of the liver and lung of the dog have been described elsewhere (Feldberg and 
Kellaway 1937). 


RESULTS. 
Action on Lecithin and on Egg Yolk. 


When cobra venom is allowed to act on lecithin or egg yolk, lysocithin, and, 
as we have recently shown (1938) a muscle stimulant substance, are formed. We 
have been unable to demonstrate any such action with the most powerful staphy- 
lococeal toxin at our disposal. 


1 The work was aided by a Grant from the National Health and Medical Research Council. 
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Aleoholie extracts of lecithin or of egg yolk after incubation for several hoy 
with toxin had no haemolytic action upon washed sheep red blood corpuscles, | 
cept in one experiment in which a lecithin extract (9 mg. per ¢.c.) caused haemoly 








ins 


Fig. 1. Responses of the isolated jejunum of the guinea-pig in 5 ¢.c. bath to three doses 
of 0-04 ¢.c. Toxin (at A, B and C), B given 55 minutes after A. The rapid responses were to 
0-06 y of histamine. Time in half minutes. 





of an equal volume of 5 p.c. cells only after two hours. When egg yolk incubated 
with toxin for periods up to three hours was tested on the guinea-pig’s jejunum 
which had previously been desensitized to the toxin, it had a stimulant action which 
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vas not significantly greater than that of egg yolk. It was tested in amounts corres- 
yonding to 0-04 ¢.c. containing 0-01 ¢.c. toxin. In one of four experiments the 
egg yolk treated with toxin caused a somewhat stronger contraction than the same 


mount of untreated egg yolk. 


iction on the Jejunum of the Guinea-pig. 


Toxin has a strong stimulating action on the isolated gut which can be desen- 
sitized by its repeated administration. Some preparations were insensitive but 
many reacted with doses of 0-004 to 0-008 ¢.c. of toxin with a haemolytic titre of 
1: 16,000 to 1: 30,000. The contraction started after a latent period varying be- 
tween 13 and 30 seconds, and increased after changing the Tyrode solution in the 
bath. The muscle sometimes took 6 to 7 minutes to relax completely. A second 
dose was either ineffective or had a smaller and more delayed effect. Sometimes 
desensitization, particularly to large doses of toxin was less readily obtained. We 
have not observed any increase in the excitability of the gut after the toxin con- 
traction had passed off. In several experiments the excitability of the muscle was 
decreased for a few minutes, and sometimes after large doses this change was 
irreversible. Fig. 1 illustrates the responses to three successive doses of 0-04 
e.c. of a toxin with a haemolytic titre of 1: 16,000 and the prolonged depression of 
the excitability of the muscle. The toxin was left in contact with the muscle for 
one minute. The contraction at A started after a latent period of 13 seconds, that 
at B after 27 seconds, and that at C after 35 seconds. This figure illustrates an- 
other feature usually observed, namely that the contraction is preceded by a short 
period of relaxation. 

If equally strong contractions are produced by given doses of toxin and of 
cobra venom that of venom starts after a shorter latent period (between 3 and 10 
seconds ). 


Perfusion of Dog’s Lung. 


When one or two lobes of a dog’s lung weighing 10-15 grams are perfused and 
1-0 to 1-5 ¢.c. of toxin is injected into the pulmonary artery the inflow decreases 
for several minutes and the respiratory movements begin to diminish. The ob- 
struction of the bronchi is readily overcome by increased ventilation. After the 
first quarter of an hour, when the inflow has returned to normal, fluid accumulates 
in the lung which swells and shows glassy patches. The perfusate contains protein 
and increasing amounts of histamine. The output of protein and of histamine in 
one experiment is graphed in Fig. 2. The total output of 110y of histamine corres- 
ponded to a loss of 16 p.c. of the available histamine in the two perfused lobes of 
the lung. All the histamine present in the perfusate from the dog’s lung, unlike 
that in perfusate from the dog’s liver after toxin, is in solution and the histamine 
values are not increased by boiling the samples, 
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The perfusate collected after the injection of toxin contains a substance ¢: 
ing slow and delayed contraction of the isolated jejunum of the guinea-pig (I ». 
3). The contraction is followed by a period of greatly increased sensitivity 06 
histamine. In a few tests this was followed by a period of decreased sensitivi 
Boiling the samples did not materially alter their action on the gut. In one 
periment the slow contracting substance was extracted from the perfusate w 
methyl-aleohol, and the concentrated extract was weakly haemolytic for wash. ( 


sheeps’ red blood corpuscles. 
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Fig. 2. Output of histamine (continued line) and of protein (dotted line) from perfused 
lobes of dog’s lung. Abscissae time in hours; ordinates on the left output of histamine in 7 
per minute, on the right of protein in mg. per minute. 


We cannot be certain whether the slowly contracting substance is liberated or 
formed. Unboiled saline extracts of the lung before and after toxin reacted 
similarly. Alcoholic extracts of lung subjected to toxin were somewhat more active 
in causing slow contraction than extracts made from a piece of lung before the 
injection. This difference was too small to be decisive, and in any case tissue which 
has been damaged by toxin may more readily give up its constituents to the aleohol 
used for extraction. Alcoholic extracts of lung after toxin have no haemolytic 
action but like those of normal lung, are antihaemolytie. 


Perfusion of the Dog’s Liver, 


The results of these experiments differ from those obtained from perfusion of 
the dog’s lung with toxins and from perfusion of the dog’s liver with venoms or 
lysocithin in that the perfusate contains cell debris which is rich in histamine. 
Only part of the liberated histamine is free in solution. 
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The intraportal injection of 1-0 to 2-0 ¢.c. of toxin into a lobe of liver weigh- 

ag 50 to 70 gm. is followed by swelling and reticulation of the surface caused by 
ss of pigment. The weight of the liver at the end of the experiment after it has 
een allowed to drain is increased by from 50 to 70 p.e. This degree of swelling 
1, greater than that observed after the intraportal injection of large doses of cobra 
venom. Shortly after the injection the outflowing perfusate becomes turbid and 
brownish in colour. This effect decreases after about ten minutes and the fluid 
becomes clearer. 





Pig. 3. Responses of the isolated jejunum of the guinea-pig to 0-2 ¢.c. of perfusate (at A) 


from dog’s lung after toxin. The rapid responses are to 0-06 y of histamine. Time in half 
minutes. 


The turbid appearance of the perfusate is in part caused by suspended cell 
debris which can be removed by centrifugation. The supernatant fluid is not quite 
clear and contains protein coagulable by heat. When a second dose of toxin is 
injected the swelling may increase. The liver becomes more tense, the edge is less 
sharp, and after ten or fifteen minutes clear fluid begins to leak from the surface. 
There is often a sudden change in the appearance of the perfusate. Shortly after 
the second injection the fluid had become more turbid but now it clears. The 
changes in the liver, particularly those following the second injection, may result 
from obstruction to the outflow of perfusate by accumulated cellular debris. This 
assumption rests not only on the diminution on the amount of debris in the perfu- 
sate but also on the changes revealed by the microscopical examination of stained 
sections. All the vessels in the liver were surrounded by oedematous tissue. The 
sinusoids between the columns of liver cells were widely dilated. In some experi- 


ments the periportal zone of liver cells and in others the zone round the intralobular 
veins was disorganized, and in the latter at least there must have been mechanical 
obstruction to the outflow from the hepatic veins. 
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When unboiled perfusate, collected after the injection of toxin, was tested on 
the isolated jejunum of the guinea-pig it often gave only a small histamine cor 
traction, but after boiling it produced a stronger effect. The histamine assay oi 
the same samples, boiled and unboiled, sometimes showed differences of severa 
hundred p.c. Some samples which were inactive before gave good histamine con 
tractions after heating. The same differences were observed in the assay of boiled 
and unboiled samples on the blood pressure of the cat. Fig. 4 shows at C and F 
the effect of unboiled, at B and E of the same sample, of boiled perfusate before anc. 


mm.Hg 





Pig. 4. Arterial blood pressure of cat under chloralose anaesthesia. At A and D 0-5¥ of 
histamine, at B and E 2 ¢.c. boiled, at C and F unboiled perfusate from dog’s liver collected 
after toxin. Between C and D 2 mg. of atropine intravenously. Time in half minutes. 


after atropine. Trethewie (1938) has recently shown in our laboratory that cellu- 
lar debris in saline extracts of ground-up dog’s liver may retain their histamine 
which is brought into solution by heating. We are concerned here with a similar 
phenomenon. When a sample showing this difference in the histamine value on 
heating was centrifuged it gave a sediment consisting almost entirely of broken-up 
cells. Heating the supernatant cell-free fluid did not increase the histamine yield, 
whereas the sediment when heated gave up large amounts of histamine. The hista- 
mine concentration of the sediment in one experiment was estimated as approxi- 
mately 1: 4,000. In some experiments the total histamine estimated on the unboiled 
perfusate amounted to only a few y. Fig. 5 illustrates an experiment in which 
about half of the histamine assayed in the perfusate was free in solution. It will 
be seen that the proportion of histamine in solution is highest in the early samples. 
This was regularly observed in our experiments. 
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There was some correspondence between the amount of slow contracting sub- 
stance present in the perfusate and that of histamine in solution. Those unboiled 
samples which gave a strong histamine contraction also produced powerful after- 
contraction followed by typical changes in excitability. Those samples in which 
nearly all the histamine was present in the cell debris gave only a slight after- 
contraction or none at all. 

The histamine of the cellular debris can be brought into solution when small 
amounts of lysocithin and of cobra venom are added to the perfusate. A sample 
of perfusate before and after boiling was tested on the jejunum which had been 


ayia 
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! 2 3 4 
Fig. 5. Output of histamine from a 54 gm. lobe of dog’s liver. Continuous line total output, 


dotted line output of histamine free in solution. At the arrow 1-5 ¢.c. of toxin with haemo 
lytic titre 1: 16,000. 


desensitized to cobra venom ; before boiling its concentration of histamine in solu- 
tion was 1:13 million, after boiling it increased to 1:3-3 millions. The effect of 
Q-2 ¢.c. of boiled at B and of 0-2 and 0-4 ¢.c. of unboiled perfusate at C and D are 
seen in Fig. 6. A, E and H are responses to 0-06y histamine. When 0-1 mg. of 
lysocithin was added to 1 ¢.c. of the unboiled sample the solution, which was turbid, 
became clear within a few minutes and was found to contain free histamine in a 
concentration of 1:3 millions. In carrying out this assay the inhibitory action of 
the lysocithin on the histamine contraction was compensated by adding a like 
amount of lysocithin to the standard solution of histamine. At F the effect of 
0-2 ¢.c. of the sample with lysocithin and at G 0-06y of histamine with lysocithin 
are shown. When larger doses of lysocithin were added to the perfusate, it became 
transparent immediately. When cobra venom was added to the perfusate (10y to 
0-2 ¢.c.) the turbidity cleared, but more slowly. When the perfusate had become 
transparent it was tested at | and found to contain about 1: 5 millions of histamine 
in solution. The histamine contraction given by the perfusate treated with cobra 
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venom was followed by a slow contraction of the gut and after-changes, both in 
crease and decrease in excitability. The perfusate treated with lysocithin gave n 
after-contraction and showed only the decreased excitability which results from 
the added lysocithin. 

The sediment obtained by centrifugation and examined microscopically, un 
stained and after staining with toluidine blue, consisted almost entirely of granu 
lated cellular debris. There were only a few intaet cells and isolated nuclei. Whe: 
lysocithin was run in under the cover slip of the unstained preparation so as t 
make the concentration approximately 1: 40 most of the cellular debris disappeare: 





Fig. 6. Responses of the isolated jejunum of the guinea-pig to histamine and perfusate 
from dog’s liver after toxin. (Details see text.) 


immediately. Stained granular matter subjected to the same treatment appeared 
to be more resistant. The clumps of granulated debris were broken up, and lost 
part of their stain which became free in solution. 


The Effect of Mercuric Chloride on the Perfused Dog’s Liver. 


The intraportal injection of mereuric chloride (15 to 200 mg. in 2 ¢.c.) into 
the perfused liver of the dog is followed after a minute or two by the appearance 
of reticulation of the surface. This appearance is at first patchy but after larger 
doses soon becomes widespread. There is some swelling. When such a liver is 
later sectioned it presents a mottled appearance. When the mercurie chloride is 
injected into the hepatie artery the reticulation is more uniform. 

Microscopical examination showed that after the intraportal injection of 15 
mg. of mercuric chloride there were well defined changes in the outer or periportal 
zone of the lobules. The parenchymal cells in this region were swollen and less 
well stained than those near the centre of the lobules. The cytoplasm had lost its 
characteristic structure. Many of the nuclei were shrunken and deeply stained 
or poorly stained and fragmented. The injection of 200 mg. intraportally caused 
more general and more severe changes, most intense in the periportal zone. Hardly 
any of the cells in the liver were normal. The sinusoids were greatly dilated and 
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= 


nany of the parenchymal cells were fragmented. Intra-arterial injection of 40 
ng. of HgCl. also caused generalized changes not more intense in the portal zone 
than elsewhere and resembling those of extreme toxie spoiling of the liver cells. 

The injection of mercuric chloride is followed by the appearance in the per- 
fusate of histamine, protein, and of pigments in moderate amounts. Boiling does 
not increase the histamine value of the perfusate, indicating that it is all in solu- 
tion. When tested on the guinea-pig’s jejunum the histamine contraction given 


ymin A. B ed mg. pr /min. 


8: ck 
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HOURS 
Fig. 7. Output of histamine (continued line) and of protein (dotted line) from dog’s 
liver after injection of Hg Cl. (three experiments). Abscissae and ordinates as in fig. 2. 


Details see text.) 


by perfusate, either boiled or unboiled, is not followed by a slow after-contraction 
nor by changes in the excitability of the muscle. Fig. 7 illustrates the output of 
histamine in three, and of protein in two experiments. The total output of hista- 
mine after the intraportal injection of 200 mg. of mercuric chloride into a piece of 
liver weighing 67 gm. and containing about 4 mg. histamine was over 900y in 3 
hours (A). The output after the intra-arterial injection of 40 mg. into a piece 
of liver weighing 50 gm. and containing about 0-8 mg. histamine was 140y in 1} 
hours (B). The output after the intraportal injection of 15 mg. into a piece of 
liver weighing 52 gm. and containing 3-5 mg. histamine was 105y in nearly two 
hours (C). The histamine amounts found in these three experiments corresponded 
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to a histamine loss of 23, 18 and 3 p.e. respectively. The fact that the histamin. 
was liberated was supported by the observation that extracts of the more severel 
affected whitish parts of the organ were found at the end of the experiments t 
contain much less histamine than the more normal portions of the tissue. 

The amounts of protein found in the perfusate were relatively small. In th 
experiments A and B of Fig. 7 the total output amounted to 0-37 gm. in both. I: 
experiment A when hydrogen sulphide was bubbled through the samples of pe: 
fusate the degree of blackening observed roughly paralleled the amounts of coagul 
able protein present. The sample collected during the first three minutes whicl 
contained traces of protein gave only a faint grey tint with H.S. The mereur) 
salt is not washed through the organ by the perfusion but reacts with protein it 
the tissues and appears with this in the perfusate. At the end of the experiment 
the whitish parts of the liver were extracted with ten times their weight of salin 
and treated with HS. A dense black colouration developed. 


DISCUSSION. 


Whereas the histamine liberated by staphylococcal toxin from the perfused 
lung is free in solution, part of the histamine liberated from the perfused liver is 
retained in cellular debris suspended in the perfusate. These cell fragments are 
so small that they fail to cause symptoms of blockage when injected intravenously 
into animals. It is unlikely that the release of cellular fragments rich in histamine 
occurs under conditions of natural circulation after the injection of toxin, but the 
injury of the liver cell may be of a similar kind. This breaking-up of cells, the 
fragments of which can be completely dissolved by lysocithin or by venom, indi- 
eates that the injury of toxin is less intense in degree than the lytic action of 
venoms. 

The liberation of histamine by staphylococeal toxin and by mereurie chloride 
cannot be explained in the same way as that caused by venoms. We have not been 
able to determine the mechanism by which the toxin acts on the cell. There is little 
evidence for the formation of lysocithin in the tissues, though we cannot exclude 
the possibility that it is produced in small amounts. The nature of the fragmenta- 
tion of the cells suggests that lysocithin is not formed. The haemolytic action of 
staphylococcal toxin is probably direct and not mediated by lysocithin. The direct 
method of determining the presence of lysocithin by estimating the haemolytic 
action of alcoholic extracts of perfused organs is rendered extremely difficult by 
their antihaemolytic properties. The only findings which might indicate its pre- 
sence were the weak haemolytic activity of a concentrated extract of perfusate 
collected from a lung treated with toxin and the fact that the sitmulating action 
of such perfusates on the isolated jejunum of the guinea-pig was sometimes followed 
by decreased excitability of the muscle. The action on egg yolk in vitro failed to 


afford supporting evidence. 
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Since the substance which causes delayed contraction of the jejunum of the 

uinea-pig was present in perfusates in amounts which were small in comparison 
o those formed by the action of venom it is difficult to say whether it is formed or 
\iberated by the toxin and the positive results obtained by the action of toxin on 
wg yolk in vitro were too doubtful to be of value in determining this point. 
Whether formed or liberated it is possible that this substance accounts for the 
stimulating action of the toxin on the jejunum of the guinea-pig. 

The liberation of histamine by mercuric chloride is of a different nature. The 
metal combines with the protein of the tissue and coagulates it. In liberating 
histamine its effect can be compared with that of heat. <A piece of fresh tissue 
dropped into boiling saline gives off histamine (Trethewie, 1938). Coagulation 
of the cytoplasm, produced by heat or by chemical means may determine the re- 
lease of histamine from the eell. 


CONCLUSIONS. 


1. When staphylococeal toxin was incubated with egg yolk or with a sample 
of lecithin no evidence was obtained for the formation of lysocithin or of a sub- 
stance causing slow contraction of the jejunum of the guinea-pig. 

2. Staphylococeal toxin has a stimulating action on the jejunum of the guinea- 
pig followed by decreased excitability of the muscle to histamine. By repeated 
administration of toxin the gut is desensitized. 

3. The injection of toxin into the pulmonary artery of the perfused lung of 
the dog causes swelling and the appearance in the perfusate of protein, histamine 
and a substance which causes slow contraction of the jejunum of the guinea-pig. 

4. The intraportal injection of toxin into the perfused liver of the dog causes 
depigmentation and swelling; protein, histamine, a substance causing slow con- 
traction of the jejunum of the guinea-pig and cellular debris appear in the perfu- 
sate. The cellular debris is rich in histamine which may be brought into solution 
by boiling or by the addition of lysocithin or of cobra venom. In the latter case a 
slow contracting substance is formed. 

5. Mercurie chloride injected intraportally or into the hepatic artery of the 
perfused liver of the dog causes coagulative changes in the parenchyma and the 
appearance of protein and of histamine in the perfusate but not of the substance 
which causes slow contraction of the jejunum of the guinea-pig. The perfusate 
contains heavy metal in amounts depending on the protein concentration. 
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INFLUENZA VIRUS ON THE DEVELOPING EGG 


3. A COMPARISON OF TWO ANTIGENICALLY DISSIMILAR STRAINS OF 
HUMAN INFLUENZA VIRUS AFTER FULL ADAPTATION TO THE EGG 
MEMBRANE. 


by 
F. M. BURNET anp DORA LUSH! 


(From The Walter and Eliza Hall Institute, Melbourne). 
(Received for publication 25th June, 1938.) 


In the first paper of this series (Burnet, 1936) the stages by which the in- 
fluenza virus strain ‘‘ Melbourne’’ was adapted to egg passage have been described. 
When sharp antigenic differences between this strain and the classical strain 
‘*W.S.’’ were observed (Burnet, 1937a) it became necessary to adapt the latter 
strain also to egg passage. Wilson Smith (1935) had previously shown that the 
strain was capable of multiplying on the chorioallantois, bat had not observed 
definite lesions resulting from its action. We found no difficulty in establishing 
an egg passage strain of ‘‘W.S.’’ By twenty or thirty passages it was producing 
satisfactory foci, and after fifty passages it was extremely virulent, killing the 
embryo within 48 hours. Although our egg passage strains of ‘‘Melbourne’’ and 
‘“W.S.’’ are now approximately equally virulent for the chick embryo, their action 
on susceptible animals is strikingly different, and it is with these differences that 
this paper is chiefly concerned. 


The Adaptation of ‘‘W.S.’’ to Egg Passage. 


The strain ‘‘W.S.’’ was received in the form of dried mouse lung from Dr, C. H. Andrewes, 
and had undergone a few further passages in mice before egg passage was commenced. The 
series was initiated with a gradocol membrane filtrate of mouse lung emulsion and carried on by 
continuous three-day passage. The inoculum at each passage was 0-05 ¢.c. of the supernatant 
fluid, obtained by centrifuging an emulsion of one membrane from the previous passage, ground 
with 5 ¢.c, nutrient broth. The eggs were incubated at 35°C., and possibly on account of the use 
of this lower temperature, adaptation proceeded more rapidly than had been the case with the 
strain ‘‘ Melbourne’’. Easily seen foci were present on most membranes from the sixth generation 
onward, and by the twelfth passage a few embryos were dying by the third day and the strain 
could be used for pock-counting titrations. 

By the twenty-sixth passage, death of the embryo with typical diffuse haemorrhage into the 
brain was occurring regularly by the third day, and the foci produced were similar in all respects 





1 Work carried out under grants for research on virus diseases from the Rockefeller Founda- 
tion and from the National Health and Medical Research Council. 
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to those produced by the egg-adapted ‘‘ Melbourne’’ strain. The virus titre from a stock emulsi: 
(one membrane finely ground with 5 ¢.c. broth and centrifuged) was also of the same order as 
usual with the ‘‘Melbourne’’ virus. Detailed titrations of such stock emulsions were made bot 
for pock count and for the limiting dilution fatal for the embryo at the twenty-sixth and thirt 
ninth passages, with the results tabulated. 


TABLE 1. 


Detailed Titration of Egg-adapted ‘‘W.S.’’ Virus. 





Passage. Poek Count. Number of Embryos Killed. 
SS ee = ie ee, ey a 
1: 1,000 1: 2,000 Titre 1:10,000 1:30,000 Time. 
26th 12.6, 12, 11, (1), (3) 10,200 7/10 3/10 7,000, 9,000 
39th 7,5, 5, 4, 4,3, (1), (0), (0) = 9,300 5/8 1/10 6,250, 3,00 


In all tables reporting egg membrane titrations, figures represent the number of primary foci 
on egg membranes inoculated with 0-05 ¢.c. of the dilution shown. ++ semiconfluent lesion. 
Bracketed figures from unsatisfactory membranes not used in caleulating titre. 


The titres by both methods are approximately the same, and are concordant 
with the hypothesis that one virus particle was sufficient to produce a specifie focus 
and to initiate fatalinfection of the embryo. 

3y the fifty-second passage the virulence for the embryo was such that with 
large inocula death had always oceurred in 44 hours without brain haemorrhages. 
At about this stage a large increase in the titre of stock virus became apparent. 
No titrations were made between the forty-first passage, which gave a titre of 
9 & 10%, and the fiftieth, which was approximately thirty times as high. Subse- 
quent titrations all showed from 20-100 foci on membranes inoculated with virus 
diluted 1: 104. Associated with this sharp increase in titre the foci have changed 
their character somewhat, being much more prone to give numerous secondary 
foci around the primary lesions. This change is one which would naturally be ex- 
pected to accompany an increased multiplication and liberation of virus from in- 
fected cells. The secondary foci may make accurate counting of membranes al- 
most impossible, unless very dilute material, giving less than ten foci, is used. 

Unlike the ‘‘ Melbourne”’ strain, this fully adapted ‘‘W.S.”’ virus is still viru- 
lent for ferrets and mice. Tests on ferrets were made at the fifteenth, thirty-first 
and fifty-fourth passages. In every instance the ferrets showed mild symptoms, a 
typical temperature rise to over 105° F. at 48 hours, but no secondary rise above 
103° F. The fifty-fourth passage reaction was just as definite as the fifteenth. 
Ferrets that had reacted to the egg virus were resistant to infection with the 
stock mouse strain. At intervals the pathogenicity of the egg passage strain for 
mice was tested, but no indication of any change from its original high virulence 
was observed. Details of its present (fifty—sixty passages) virulence will be found 
in the following section. 
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THE ACTION OF “‘W.S.”’ EGG STRAIN ON MICE. 


The egg adapted strain of ‘‘W.S.’’ has remained virulent for mice, producing 
lesions entirely similar to those of a normal mouse passage strain. Its double viru- 
lence made it possible to use the more convenient egg membrane titration methods 
to follow the process of infection by a virulent strain in the mouse. In these ex- 
periments extracts of lung, lymph gland and spleen, taken at various stages, were 
titrated for their virus content on the egg membrane, titrations being repeated or 
elaborated two days later if required. In some experiments mouse titrations were 
also made. 


1. The Correspondence Between Egg and Mouse Titration Results. 


There is an almost exact correspondence between the end points in titrations 
of ‘‘W.S.”’ egg strain carried out in parallel on mice and eggs. In both types of 
inoculation a measured 0-05 ¢.c. of dilution is administered so that the results are 
directly comparable. In Table 2 are shown the results of such parallel titrations 


TABLE 2. 


Comparative Egg and Mouse Titrations of ‘‘W.S.’’ Egg Virus. 


Source of Virus. Titrated on: Virus Dilution. 
Oi a ia ae i aia gta ..* 
10° 10* 10° 10° 10° 
Egg Egg ‘wr 39, 52, 45 (5) (0-5) 
Mouse 3+, 3, 3 2, 3, 1+ $i 0, 3 0, 0 
Mouse lung Egg ++, 100 (10) i 
Mouse 3+, 3+, 3 zs 6% 3 


In all tables reporting lesions in mouse lungs these are expressed according to the convention 
of Andrewes, Laidlaw and Smith (1935), slightly modified. 

0 = No lesions. 

1, 2, 3, 3+ = Increasingly large areas of consolidation found when mouse was killed seven 
days after inoculation. 

4 = Death with complete consolidation on the day shown by the index figure. 

< = Death from nonspecific cause. 

Bracketed figures calculated from results with other dilutions. 


(a) of a stock egg membrane suspension, (b) of a lung removed two days after in- 
oculation of the mouse with egg virus. Other experiments have given similar re- 
sults, indicating that when sufficient virus was present to produce one or two foci 
on the egg membrane, visible lesions were also produced in the mouse lung. If 
our previous assumptions were correct, this should mean that one virus particle 
lodging on a suitable cell is sufficient to produce a visible lung lesion. The experi- 
ments of Smorodintseff and Ostrovskaya (1937) are directly opposed to this view. 
They found that mice inoculated with serial dilutions of an emulsion prepared 
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from infected mouse lung, showed typical lesions to a dilution of 10—®, but no 
with higher dilutions. If, however, subinoculations were made, using emulsio1 

of the lungs of mice which had received these higher dilutions, typical influenz 

lesions were produced in the passage mice, indicating that virus was present i 

dilutions of the original inoculum up to 10-17, but not in the 10—1% dilution. I: 
other words, to produce a 1 or 2 grade lesion in mice at least 10® virus particles ha 

to be administered. We have been unable to confirm this observation with th 
strain ‘‘W.S. (egg)’’. The titration of egg virus shown in Table 2 was taken to ; 
dilution of 1: 10° in mice and the lungs of all mice receiving dilutions from 10-: 
to 10—" were subinoculated to mice and roughly titrated on the egg membrane. 
The results were unequivocal. Those lungs which showed any macroscopic areas 
of consolidation contained large amounts of virus by both tests; lungs free from 
visible lesions contained no virus. We have carried out the same type of experi 
ment with the strain ‘‘Leningrad’’, which is presumably that used by Smorodins- 
seff and Ostrovskaya. Table 3 shows that again virus could be detected only in 


TABLE 3. 
Correlation Between Presence of Virus and Visible Lung Lesions. 


Original Virus Dilutions. 


i. 10> 10~ 107 10°° 

Primary Inoculation e. 3 = < 1, 0 0, 0 0, 0 
Subinoculation 4° 4°, 0 0, 0 0, 0 
44 4*, 0 0, 0 0, 0 


those lungs showing visible areas of consolidation. In both experiments the limit- 
ing effective dilution 10—* gave a grade 1 lesion in one mouse, nothing in the other. 
Subinoculation showed virus only in the lungs showing a visible lesion. There is 
therefore no indication whatever that the phenomenon described by the Russian 
authors can be observed with the strains of virus and the stocks of mice at our dis- 
posal. At present we feel justified in interpreting our results on their face value, 
that under suitable conditions one virus particle of the egg adapted strain of 
““W.S.’’ may produce a focal lesion on the chorioallantois, cause death of a chick 
embryo or provoke the appearance of a macroscopically visible area of consolida- 
tion in the mouse lung. 


2. The Multiplication of Virus in the Mouse Lung After Intranasal Inoculation. 


Mice were inoculated intranasally with 0-05 ¢.c. of stock egg virus of titre 20 to 45 & 104 by 
egg titration. Two to four mice were killed at intervals, their lungs removed aseptically and 
ground with 5 ¢.c. of broth. The emulsion was centrifuged for ten minutes in a small angle 
centrifuge and the supernatant fluid titrated in eggs. In one experiment, mouse titrations were 
also carried out. In Figure 1 are combined the results of two such experiments, from which it 
will be seen that there is a large increase in virus within 20 hours, and a peak is reached at 48 hours. 
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Jittle or no consolidation is present at this stage, but it is well marked on the following day, when 
he virus content is slightly lower. Death of the mice usually occurs on the fourth day, though a 
few mice survive longer. In the figure are included values for the virus content of the lungs of two 
mice which died on the fifth and sixth days after inoculation. The lungs from both were removed 
within two hours of death. 

The titrations carried out in mice were in good agreement with the results 
obtained on the egg membrane. The only discrepancies found were in titrations 
of lung from a mouse dying late (seven days) and of a pool of three lymph glands 
from mice receiving 1: 1,000 virus and killed at seven days. Both specimens gave 
considerably higher values for virus on the egg membrane than in mice. Almost 
certainly there was sufficient antibody present in the tissues to account for the 
discrepancy, since low-grade antibody is more effective in producing apparent 
neutralization in mouse tests than on the chorioallantois (Burnet, Keogh and 
Lush, 1937). 


3. Spread of Virus Beyond the Lung. 


Although the only significant lesions produced by influenza virus in the mouse 
are in the respiratory tract, virus has been detected in other parts of the body by 
Smorodintseff and Ostrovskaya (1937) and Cerrutti (1937). Spread of virus 
from the lung tissues will presumably occur either by way of the blood or the 
lymphatics. Citrated blood usually produces large non-specific lesions on the egg 
membrane, and it seemed more satisfactory to look for evidence of spread via the 
blood stream by testing spleen emulsions for virus. Spread by lymphatics was 
studied similarly by estimating the virus content of emulsions of the large lymph 
gland which lies on the right side of the mediastinum just behind the trachea. Our 
method of examining lung lesions in experimental mice is to pin the animal face 
downwards and remove the posterior thoracic wall. This allows the extent of 
consolidation to be seen at a glance, and also gives a good exposure of the upper 
mediastinal lymph gland. The fact that this gland is usually very enlarged in 
mice with extensive lung lesions prompted investigation of its content of virus, 
and later of antibody. Spleens were ground and emulsified in 5 ¢.c. broth, lymph 
glands in 0-5 ¢.c. amounts. The emulsions were centrifuged and the supernatant 
fluid titrated on the chorioallantois. Table 4 shows the results of these tests on 


TABLE 4. 


Virus Content of Mediastinal Lymph Gland and Spleen. 


Days after 


Inoculation. Lymph Gland. Spleen. 
1 >100, >300, 50 0, 0, 0 
2 >10,000 2,000, 20, 50, 100, 40 60, 40, 4, 0, 12, 20 
3 10,000, 100, 800, 0, 10, 40,000 0, 0, 0, 0, 6, 7 


Figures show average number of foci obtained from 0-05 ¢.c. of undiluted supernatant fluid 
from centrifuged tissue emulsions. 
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spleen and lymph gland. It will be seen that with the exception of one mouse, al 
lymph glands contained virus, often in large amount, from 24 hours onward. <A 
two days, when the lung content of virus is at its maximum, the spleen usuall: 
contains a small amount of virus. Only two out of six spleens tested on the thir 


day contained detectable virus, 


THE ACTION OF ‘‘MELBOURNE”’ EGG VIRUS IN THE MOUSE. 


In previous papers the almost complete absence of pathogenicity of the egg 
adapted ‘‘Melbourne’’ strain for ferrets and mice has been described. With a 
much greater recent experience of the action of this strain in mice, we have to 
qualify our previous statement of its complete non-virulence. During the last 
year the mortality in mice inoculated intranasally with undiluted stock virus has 
ranged from less than 5 p.c. to, on one occasion, 78 p.c. of specific deaths. Most 
large batches of mice have shown between 20 and 35 p.c., with most of the sur- 
vivors showing some degree of consolidation. This experience differs sharply from 
our results in 1936, when it was unusual to see any consolidation at all in the lungs 
of inoculated mice, and specific deaths did not occur. The difference is rendered 
more puzzling by the fact that on two occasions in the present series of experiments 
no deaths and only trivial lesions were obtained. We have endeavoured without 
success to relate these differences to the age of the mice used, the virus titre of the 
inoculum, the time elapsing between removing the egg membrane and inoculating 
the mice and the temperature of the room in which the experimental mice are kept. 

When deaths occur they take place much later than is the case with mouse- 
adapted virus. In a typical series of 60 mice inoculated with undiluted egg virus, 
no deaths occurred till the eighth day, then on successive days 2, 4, 4, 5, 2, 2 and 
no more after the thirteenth day. In other series occasional deaths have occurred 
outside these limits, but in all the majority have fallen between eight and twelve 
days. 

Despite the relative frequency of delayed death in certain series of mice, we 
have been unable to detect any difference in the course of virus multiplication or 
the rate of appearance of antibody when the results from groups with high mor- 
tality are compared with those from groups with minimal lesions. It is particu- 
larly interesting that mice dying about the tenth day with typical influenzal pneu- 
monic lesions contain no detectable amounts of virus in their lungs. 


1. Multiplication of Virus in the Lung. 


The same technique was used as for the ‘‘ W.S.’’ egg strain, but since the infection is usually 
not fatal, the titrations were carried out over a considerably longer period. The combined results 
of a large number of experiments, including groups of low and high mortality, are assembled in 
Figure 2. The amount of virus reaches a peak at three days after inoculation. The maximal titre 
attained is much lower than that for ‘‘W.S.’’. Thereafter the titre gradually diminishes and 
virus disappears rather suddenly between seven and nine days. This sudden disappearance of 
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letectable virus will be found to coincide with the appearance of antibody. The virus does not 
spread beyond the lung. It has never been detected in the spleen, and only once (at three days) 
have a few foci been obtained from a mediastinal lymph gland extract. 


2. The Development of Immunity After Intranasal Inoculation. 

After the standard dose of 0-05 ¢.c. of stock egg virus intranasally, a high- 
grade immunity against inoculation with virulent mouse passage virus of the same 
antigenic type develops with great regularity between six and eight days. By 
fourteen days the immunity is complete, even with very small immunizing doses. 
Table 5 shows a typical set of experiments. In this combined test of several groups 


TABLE 5. 


Tests for Immunity of Mice which had Received a Single Intranasal Inoculation 
of ‘‘Melbourne’’ Egg Virus. 


Test dose of mouse virus. 


Immunizing dose and time — rein ee sp ieemtmecoree 
since inoculation. Undiluted. 107 10° _ i 6" 10° 
Normal controls #ae 4 443 322 00,1 
Egg virus 1: 100 14d. 0, 0 0, 0 0, 0, 1 
1:10 a 0, 0, 0 &¢& J 0, 0 
Undiluted ,, éj& x 0, 1 
ee 8d. 0, 0, 4° 1,0,0 0,0, 0 
~ 6d. 7, €.¢ £.¢,3 € €.3 


of immunized mice the test virus was an emulsion of lung from a mouse inoculated 
two days previously with mouse passage ‘‘ Melbourne”’ virus. It will be seen that 
only one of nine mice treated six days previously shows any substantial immunity, 
while eight of the nine inoculated eight days before are immune. At fourteen days 
mice receiving 1 : 100 virus are just as strongly immune as those receiving undiluted 
material. In confirmation of results previously reported (Burnet, 1937b) we find 
that an amount of virus producing 40 foci on the egg membrane (1: 1,000 dilution 
of stock virus) gives complete immunity to undiluted mouse virus administered 
fourteen days later. One-tenth of this dose (four foci) allowed the survival of 
three out of six mice for seven days. If the solid immunization of mice is the only 
object in view, this can be most safely attained by using 1: 100 virus, and so avoid- 
ing the irregular proportion of deaths obtained with undiluted egg virus. 

A considerable series of experiments was carried out to determine when and 
in what organs antibody first appeared. In order to obtain sufficient material for 
tests, pooled samples from either two or three similarly treated mice were used. 
In the preliminary work, serum, and extracts from lung (prepared as for virus 
titrations), mediastinal lymph gland (three glands to 0-6 ¢.c. broth) and spleen 
(three spleens to 5 ¢.c. broth) were prepared by grinding and centrifugation. 
Serum and extracts were heated to 55° C. for 25 minutes to destroy any virus pre- 
sent, and extracts were again centrifuged to deposit the precipitate formed on 
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heating. The supernatant fluids were titrated for antibody against ‘‘ Melbourne’ 
egg virus on the chorioallantois according to our standard technique.  Thes 
preliminary experiments showed significant amounts of antibody in the lymp 
gland extracts during the period when serum antibody was beginning to appeai 
but only insignificant traces in lung and spleen extracts. Further work was there 
fore concentrated on serum and lymph gland extracts. Results are combined i: 
Fig. 3. It will be seen that in the early stages, five to eight days, the antibod: 
content of the lymph gland is almost the same as that of the serum, but shows nm 
further rise thereafter. The lymph glands were removed from mice which had 
already been almost exsanguinated, and from their appearance contained ver) 
little blood. They enlarge considerably when there are lesions in the lung, but 
even so have a volume of only 10—20 c.mm., so that the extract used is only of 5-10 
p.c. strength. The results would indicate that this lymph gland is an important, 
perhaps the major source of antibody appearing in the blood. 


3. Findings in Cases of Late Death Following Inoculation with ‘‘ Melbourne’’ Egg 
Virus. 

Irrespective of whether the mouse survives or dies, we have failed to detect 
virus after the eighth or ninth day, even from the lungs of dead mice which showed 
typical plum-coloured consolidation. Six mice which had died within an hour or 
two previously, or had been killed when obviously moribund, were studied. All 
were dying from ten to thirteen days after inoculation, and all showed complete or 
almost complete consolidation of the lungs. The lung emulsions were prepared in 
the usual fashion and tested on the chorioallantois. In addition, three lung extracts 
were tested for pathogenicity in mice, and after heating to 55° C. for their antibody 
content. Table 6 contains the results. All contain no more than an insignificant 


TABLE 6. 


Data from Mice Dying Ten to Thirteen Days After Intranasal Inoculation with 
*“Melbourne’’ Egg Virus. 


Virus content of lung. 





Antibody content of 


Mouse. Day. Eggs. Mice. heated lung extract. 
866 10 0, 0 
873 10 i 
884 10 ‘3 
650 11 0, 0, 0 0, 0, 0 1-1% 
651 13 0, 0 0, 0, 0 8-0% 
652 13 0, 0 0, 0, 0 52-0% 


trace of virus. In order to control the remote possibility that the virus had muta- 
ted during its stay in the mouse lung to a mouse pathogenic form which could not 
produce foci on the egg membrane, mice were also inoculated intranasally. They 
showed no signs of illness, and when killed at fourteen days showed no lesions, old 
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. recent. Two of the three heated extracts tested contained considerable amounts 
o* antibody, but not nearly sufficient to inactivate the large amount of virus which 
cna priori grouds one would expect to be present in the lungs of a fatal pneumonic 
fection. All the lungs used were sterile as judged by culture on blood agar, and 
ihe absence of any significant bacteria was further established by the negative 
results of inoculation in eggs and mice. 


. Adaptation of Egg Virus to Mouse Passage. 


The ‘‘ Melbourne’’ egg strain was initiated from ferret material five passages from the initial 
human throat washing, and has never undergone mouse passage. It is not difficult to adapt it to 
mice, and it soon takes on the character of a normal mouse passage virus. After eleven passages 
in mice the strain was titrated by both methods, using the usual stock emulsion of one lung in 
5 ec. broth cleared by centrifugation. 


TABLE 7. 


Comparative Titrations of ‘‘ Melbourne’’ Egg Strain After Eleven Mouse Passages. 


Undiluted. 10-* 10 10 10°+ 
Mice 47, 4°, 4° 4°, 4*, 4° ¢. 3. x 4, 4’, 3 ets 
Eggs ++, ++, ++ 9, 6, (1) 2, 0, 0 


(Two dead at 4 days without 
haemorrhage in brain) 


The mouse reactions are those of a moderately active mouse virus, but the 
egg membrane results show that even in eleven passages much of the egg virulence 
has been lost. The titre 7-5 x 10? is far lower than would correspond to the 
mouse results if both virulences were equally developed, as is the case with ‘‘ W.S.’’ 
egg strain. The undiluted virus produced good membrane lesions, but all three 
embryos survived three days and one four days. Before mouse passage the virus 
killed the embryo at about 40—48 hours after inoculation, so that its pathogenicity 
has sharply diminished. 


DISCUSSION. 


This detailed study of the properties of egg-adapted influenza virus strains 
may appear remote from the practical problems of human influenza, but we feel 
that it is not entirely irrelevant. It is highly probable that the very characteristic 
lability of virulence of influenza virus is of great importance in determining the 
epidemiological characters of the disease, and also holds out the greatest promise 
of providing a means of immunization against it. Inoculation of suitably attenua- 
ted living virus by the natural route would seem to be the logically preferable mode 
of immunization, and we have already shown (Burnet and Lush, 1938) that the 
‘‘Melbourne’’ egg strain can be so administered without harmful result in human 
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beings. Its efficacy in preventing influenza has not been tested, and in view of + 
known antigenic diversity of influenza strains it is unlikely that any single imm 
izing strain would afford adequate protection. An analysis of the cheages in vi 
lence for the available experimental animals which accompany adaptation of 1 
important influenza virus types to growth on the egg membrane, seems to be : 
essential preliminary to any successful practical work along these lines. 

















Days 





Fig. 1. The multiplication of ‘‘W.S.’’ (egg) strain in the lung after intranasal inoculation 
in mice, 


Abscissae: days after inoculation. Ordinates: number of foci obtained on the chorioallantois 
from 0-05 ¢.c. of lung emulsion. 


The work reported in this paper indicates the difficulty of generalizing from 
the behaviour of any one strain. Of those strains which we have tested on the egg 


membrane, ‘‘Melbourne’’ gradually lost its ferret pathogenicity, and probably 


concurrently its power to provoke human influenza. It had no mouse pathogenicity 
initially, and has developed only the low-grade atypical virulence for mice which 
has been described above. The strain ‘‘W.S.’’ was easily adapted to the egg, 
rapidly developing a high virulence for the embryo. It is still moderately virulent 
for the ferret, and has retained to the full its pathogenicity for mice. We have at 
present undergoing egg passage a sub-strain of ‘‘ Melbourne’’ which, like ‘‘ W.S.’’ 


; 
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as had a long series (three years) of passages through mice. This at its twenty- 
econd passage produces oedematous membranes with small ectodermal thicken- 
ngs, but cannot yet be titrated—its virulence for mice remains high and typical. 


























| 4 
10 + ; ° 
| ee 
| a > 
| o ee 
3 ; ° ° 
OF 
2 e 
10 F ¢ ‘ 
i 
: ms 
] ° 
8 
¢ . 
iob ; 
| | 
| of l lL l | | e . : \e 
| 2 2 4 5 6 7 8 9g 
DAYS Pe: 





Fig. 2. The multiplication of ‘‘ Melbourne egg strain of influenza virus in the lung. 


Each dot represents the result from one mouse; the heavier dots indicate the results from a 
single experiment in which there was a relatively high mortality amongst the inoculated mice. 


3y contrast, eleven passages of our egg strain of ‘‘ Melbourne’’ through mice have 
greatly diminished its pathogenicity for the embryo, and given it high and typical 
virulence for mice. The only other strain of which we have yet had adequate ex- 
perience is Shope’s ‘‘Swine’’ strain. This reached a level of activity sufficient to 
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allow rather unsatisfactory pock-counting titrations after about twenty to thiri 
passages. Continued passage, which has now reached ninety-four generations, h 
resulted in no further perceptible improvement. The embryos are never kille 
lesions are hardly visible at two days, and the titre of stock virus is notably inferi: 
to that of either of the other egg-adapted strains. The virus appears to have r<- 
tained its full initial virulence for mice. 
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Fig. 3. The appearance of antibody after intranasal inoculation of ‘‘ Melbourne’ 
in the mouse. 


egg virus 


Ordinates: Percentage to which focal count is reduced by undiluted serum or extract from 
mediastinal lymph gland. Dots with continuous line, serum; Crosses and dotted line, mediastinal 
lymph gland extracts. 


The chief point which emerges is the ease with which virulence for mice is 
developed and the consistency with which, once developed, it is retained during egg 
passage. Adaptation to the egg occurs with varying rapidity and completeness 
according to the strain used, and on transfer of the virus back to mice is rapidly 
weakened. The mouse lung, perhaps naturally, seems a more congenial habitat 
for the virus than the chorioallantois. Our limited experience would suggest that 
to obtain egg-adapted virus strains of low human virulence it is advisable to initiate 
egg passage soon after isolation of the virus by ferret inoculation. 

The use of egg membrane titrations of virus for studying the multiplication 
and spread of these egg-adapted strains in mouse tissues appears to have been 
jusiified by the results. The results with ‘‘W.S.’’ egg strain could probably be 
transferred directly to any other highly pathogenic mouse strain. The rapid 
multiplication we have observed in the lung confirms the work of Smorodintseff 
and Ostrovskaya (1937). The only new feature of our results is the observation 
of large amounts of virus in the posterior mediastinal lymph gland. 
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The behaviour of the ‘‘Melbourne”’ egg strain is distinctly different, as will 

ve seen at a glance from the Figs. 1 and 2. The titre reached at the two-three day 
yeak is much lower, and detectable virus disappears from the lung about the 
iinth day. Antibody begins to appear in the serum and in extracts of the medias- 
inal lymph gland about the sixth and seventh days, and at the same time mice 
become immune to inoculation with highly active mouse virus. The amount pre- 
sent in the lymph gland in the early stages seems to indicate that a large proportion 
of the blood antibody may be produced there. This is in agreement with the results 
obtained by McMaster and Kidd (1936) with vaccinia virus infections in rabbits. 
In a majority of mice even large doses of this strain cause only slight to moderate 
consolidaticn with recovery, but in a proportion which varies widely from one ex- 
periment to another, a fatal result ensues during the second week after inoculation. 
These deaths occur from pneumonie consolidation of the lung at a time when 
circulating antibody is present, and no virus can be detected in lung extracts by 
inoculation either of eggs or mice. The pathology of these delayed deaths is ob- 
secure, as we have found no way of ensuring that they will or will not oceur. We 
have formed the impression that, immunologically speaking, the reaction of the 
lung to the multiplication of the virus (and hence the death or survival of the 
animal) is an unessential side-effect, about whose determinants we are at present 
in the dark. 

It is possible that further study of this phenomenon may throw useful light 
on the essential pathology of pneumonie processes. 


SUMMARY. 


1. The adaptation of the influenza strain ‘‘W.S.’’ to propagation on the 
chorioallantois is deseribed. It has developed a high degree of virulence for the 
embryo, at the same time retaining its pathogenicity for mice and ferrets. 

2. The course of virus multiplication in the lung, and of its spread to medias- 
tinal lymph gland and spleen have been followed by chorioallantoic membrane 
titration of tissue extracts. The contrasted results with the egg-adapted strains 
*“W.S.’’ and ‘‘Melbourne’’ are shown graphically. 

3. ‘‘Melbourne’’ egg virus has a low-grade virulence for mice, resulting, under 
certain conditions not yet elucidated, in a considerable proportion of deaths from 
eight to fourteen days after inoculation. 

4. Such deaths occur at a time when antibody is regularly present, and when 
the lung contains no virus demonstrable either by egg or mouse inoculation. 

5. Antibody appears at an early stage in the mediastinal lymph gland in 
amount which suggests that such lymph glands may be responsible for a large pro- 
portion of the antibody produced as a result of the infection. 
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